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ERRATA 

Page 32, Table XX, '' TrifoUum repens'' shotild read Trifolium pratmise” 


Page 52, Table XXX, Linum usaiissimum" ^ovl6, ” Ltnum usitaiissimumJ* 
Page 52, Table XXX, ” Cucumhis sativa" should read *^Cucumis saihus." 

Page 53VTable XXX, '' Bouielona gracilis" should read "‘Boufeloua gracilis," 

Page 53, Table XXXI, “ Cucumis saliva" should read "Cucumis sativus." 

Page 56, Table XXXIII, column head, Ratio, 1913 to 1912, ” should read “ Ratio, 
,1912 .to 19x3 d'’ 

Page 56, line 4 from bottom , 75 ± 2 ' ’ should read 7 5 ± i . ” 

Page 97, line 26, ^'SaUx nuiallii" should xezd ** Salix nuUallii," 

Page 106 , Table II, ^ ^ Sutanion velutinum ' ' should read ‘ ^ Siianion veluHnum. ' ' 
Pagei65,TableIII,iiisertlmeafter''MgO*'toread “Fe203. . . ,0.07 o.io 0.09 0,10," 
Page 165, Table IV, should read 

Page 165, Table IV, "'Total. ' 99. 94 98.36 ' 

should read "Total, '99-94 99*54 100.36 xoo.ood* 

. Page '166, Table y, "Total. 104. 45 ■ 104. '82 101.41 101.99’’^ 

diould read "Total '. . . 99. 73 ■ 100. 04 99,2 5 

■ ; .Page 256, line' 10, C2==C/-'(Cd); m N^Dt-iDi)^.)" should read 

. ..Page 256, line ii, '' {ICfa+ 2 CrzpC^^C^N,)" should read 
IQN," ■ 

Page 273, lines 37'-38, "(fig. 2)'' should read “(fig- 3)." 

Page 279, line 19, "as” should read "at.*’ 

'.Page 279,.'.iegend^ .for 'figure 2, "Side views of basal portions, should . rea 4 '" 

■■".Fig;;2..“-~Detail drawings of: ventral view of seeds of Agropyron spp, : A', Agrqpyfdn 
■repem; B'fA. 'smithii; Cy A. imterunt, y, '. 

Page 280, legend for figure 3, "Detail drawings of ventral view, etc.,” should read 
"Fig. 3.— Side views of basal portions of seeds of Agropyron spp., showing tlie relative 
projection of the racliilla: A, Agropyron repens; B, A, smiihii; C, A. tenerum. X 9*^^ 
Page 2S0, legend for figure 4, "Edge of irachilla in Agropyron spp., etc.,” should 
read " Fig. 4,— Edge.uf palea in Agropyron spp., showing space and comparative size 
of bristles: A , Agropyron repens; B, A . smiikii; C, A, tenerum, X g." 
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PLATES 

PHi^ATivje) Watur Requirement of Puants 

Peate I. Fig. 1 . — General view of the plant' inclosnre used at Akron, Colo., 
showing the pipe framework covered with a hail screen, with the board 
base surmounted by a single width of cheesecloth to protect the plants 
against high winds. Fig. 2.-— General view inside tlie inclosure, showing 
the arrangement of pots and general conditions of groudli. Corn and 
sorghums are shown in the foreground, small grain in tlie background. 
Fig. 3. — General view of the inclosure photographed shortly after the grain 

in some of tlie pots had been harvested 

Plate II. Fig. i. — Pot planted with sugar beets, showing the wax seal around 
die plants and also the sealed holes where stand w-as not perfect. Fig. 2. — 
Weighing pots, showing spring balance, weighing support, and general 
procedure. Two men operate the vreighing support, one of whom lifts the 
pot by means of a windlass, while a third reads the balance and records the 
weight. By tliis method weighings can be made at the rate of two per 
minute. Fig. 3 . — Grindelia sqiiarrosa (gumweed) and Artemisia frigida 
(mountain sage), illustrating the growdh of native plants used in the water- 

requirement mtasurements , .k 

Plate III. Fig. i. —Kubanka wheat, grown May 9 to September 3, 1912. Fig. 
2. — ^White Hull-less barley, grown May 16 to August 12, 1912. Fig. 3.^ — 
Kubanka wheat. Set grown outside of shelter, May 9 to August 31, 1912. 
Fig. 4. — Emmer , grown May i x to August 12 , 1912 . Fig. 5.-— Swedish Select 
oats, grown May 17 to August 23, 1912. Fig. 6.— -Kharkov wheat, grown 

April 27 to August, 28, 1912- . . ■■ ' 

Plate IV. Fig. I. — ^Northwestern Dent com, grown June 9 to September 16, 

1912 . Fig. 2 Hopi corn, grown June 12 to September 26, 1912 , Fig. 3 

White dtirra, grown June 9 to September 26, 19x2. Fig. 4, — Red Amber 
sorghum, grown June 29 to September 27, 1912. Fig. 5.— Minnesota Amber 
sorghum, grown June 9 to September 26, 1912 

Plate V. Fig. x.«— Sudan .grass. ■ First crop, grown May.aS .to July. 26, 19x2. 
Fig. 2.— Voronezh proso, grown June 5 to August 20, 1912. Fig. 3. — Kursk 
' millet, 'grown, June 9 to August 20, 19x2.' ■ Fig. 4.— Select. Grimm 'alfalfa, 
grown in the open, May 2410 July 27, 1912.. ' Fig. 5.— Select, Grimin alfalfa, 

grown in, the shelter,, May '24 to July 26, 19x2 

'Plate VI. Fig.",,!.— Cowpea, grown June 17- to August' 26, 'I913'. '' Fig, 2. — ^Haiiy 
■ , vetch, 'grown May 2g to July iS, 1913. ■ ■ 'Fig. 3.— Soy bean, 'grown June'x to',, 
August, 26, i9''i3.'"',Fig.' 4'.— Cantaloupe, grown' June'" 14 ''to' September '13, 

1913. Fig. 5.— Indian Flint com, grown June 7 to August 27, 1913. Fig. 

6.— McCorrnick' potato,, groum June 5 to October 4, 1913 . .' 

Plate VII. Fig. ,1. — Triumph , cotton in 'shelter, grown' M'ay','29,',to, ,Septem,ber 
16, 1913. Fig. 2 . — Boebera papposa^ grown July 25 to September x 7, 1913. 
Fig. 3.— Rice m„'sheite,r, grown June 12, to September 16', ,''19 13., ' Fig. 4.—, 
' ■ ' General view of the shelter, 'showing .emmer at,the left , and White 'Hull-less' 

' , .barky , at, '.'the , 'right, , Fig. 5. -“-General view 'in the shelter, ’showing 'corn" in'' 

, the,foreground.> ,. . . . . . 
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Plate VIII. Fig. i. — Quercus alba: Crescent-shaped "^soak,” tlie initial stage 
of the piped rot produced by Polyporus dryophilus; from Arkansas. Fig. 

2 , — Quercus alba: A radial view of the rot in a limb, showing delignification; 
from Arkansas. Fig*. 3 .—Querctis oblongifolia: A radial view of rot, sliowiiig 
delignification; from ij-izona. Fig. 4. — Quercus alba: A final stage of tlie 
rot, radial view, with more complete delignification; from Arkansas. 

Fig. 5. — Quercus alba: A tangential view of the rot, showing delignification 
in pockets; from Arkansas. Fig. 6. — Quercus alba: An end view showing 
a cross section from the same tree as the preceding; from Arkansas. Fig. 

7. — Quercus sp.: A section of oak from Von Tnbetif, sent to tlie junior 
writer as a specimen of the rot caused by Polyporus dryadeus in Europe. 

Fig. 8. —Quercus sp.: The reverse side of the specimen shown in the pre- 
ceding. Fig. 9. — Quercus sp.: A section of oak from Europe, obtained by 
Von Schrenk, with a piped rot similar to that of Polyporus dryophilus . ... 7S 
Plate IX. Fig. i. — A sporophore of Polyporus dryophilus, tuberous form on 
Quercus gamhelU; from Arizona. Fig. 2. — Sectional view of a sporophore 
of Poly poms dryophilus on Quercus gambelii, showing the hard grantilar 
core with whitish mycelial strands; also the pore layer; from New Mexico. 

Fig. 3 .—A sporophore of Polyporus dryophilus on Quercus calif ornica, show- 
ing the upper surface with a faint zonation; from California* Fig. 4.-— A 
section through a sporophore of Polyporus dryophilus on Quercus garry ana, 
showing the structure of the hard granular core; from California. Fig. 5.— 

A front view, showing the margin of the same sporophore as in figitre 3, 
representing the ungulate form. Fig. 6.— A view of the pore surface of 
an applanate sporophore of Polyporus dryophilus on Quercus alba; from 

. Arkansas . ................... . . 78 

Plate X. Fig. x, — A sporophore of Polyporus dryophilus, front view showing 
on Populm if emiiloides; from Colorado. Fig. 2. — A second 
sporophore from the same tree as figure i, showing an imbricated form. 

Fig. 3 .—A view of the upper surface of a sporophore of Polyporus rheades on 
if from Stockholm, Sweden. Fig. 4.— A sectional view of 
a sporophore of Polyporus corruscans on Quercus; from XJpsala, Sweden, 

Fig- 5.— A side view of an imbricate sporophore of Polyporus dryophilus, 
applanate form on Popuhis ireniuloides; from Colorado. Fig. 6.-— A sec- 
tional view of the same sporophore as in the preceding figure, showing tlie 
hard granular core and w’'hitish mycelial strands. Fig* 7, — ^A view of the 
• upper surface'of an applanate sporophore of Polyporus dryophilus on Quercus 
alte; from Arkansas. Fig. 8.^ — ^The pore surface of a sporophore of Po/y- 
porus dryophilus on Populus iremuloides; from Colorado 78 


A Fungous Disease or Hemp 

Plate ^ XI. . A hemp plant, showing upper branches attacked by the fungous 

Botryosphaeria marconii 84 

, , , , Natural ■ Revegetation, or Range Hands Based upoN' Growth:' 

Requirements and Eire History or the Vegetation 

Plate XII* ■ ' Fig, ,1.-— View, of' the' lower grazing lands in the Wallowa National ' 
'Forest, , Fig. 2.— Characteristic open -stand of, western '.yellow ■ pine ' and 
' dense' cover of; herbaceous vegetation*., mainly, pine-grass 
, " Wallowa .'National Forest*. ■'.'■'Transi1ibn'"zone (yellow-pine a.sso- 

.ciatlon). ...Fig. 3.>^A b:iHiie'd-over'area'.of:''lQdgepole''pine'*,'with character- 

",' ''' Istic dense, sapHngntand' 
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Pi,ATi 5 XIIL Fig. I. — Dense stand of lodgepole pine, witli nndergrowtli of red 
hticklebeiry {Vaccinium scoparimn). Canadian zone (lodgepole-pine 
association). Fig. 2,.-— A fiat eminence in the Hndsonian zone, showing tlie 
characteristic clumped growth of whitebark pine and Alpine fir. Fig. 

3. — Irregular topography of the upper grazing lands. Hudsonian zone 

(whitebai'k-pine association) .• 148 

PtATE XIV. Fig. I. — Arctic- Alpine and upper-subalpiiie region, where forage 
is sparse, due to poor soil, short growing season, and unfavorable climate. 

Fig. ,2. — Mountain range lands prior to the beginning of growth and germi- 
nation. Fig. 3. — Same view as shown in figure 2, but more in detail, 

showing the condition eight days later (June 30) 148 

Pirate; XV. Fig. i. — Contrast in the progress of the flower stalk production 
of mountain bunch-grass on portion of range which has been completely 
closed to grazing for a period of three successive years and on range which 
has been subject to continued early grazing. Fig. 2. — ^Western porcupine 
grass (Siipa occidentalis), showing empty glumes and floret with the scale 
and its awned projection to tlie left; to the right tlie floret with glumes 


removed, showing the sharp-pointed, slightly curved seed tip. Fig. 3. — 
Average development of the root system and aerial portion of mountain 

bunch-grass at end of the first growing season 148 

Plate; XVI. Mountain bunch-grass, showing root development and aerial 

growtli at the end of die second season 1:48 

Plate XVII. Mountain bunch-grass in the spring of the third year of growth 
just before producing flower stalks, showing the natural position and length 

*bf the elaboratecoot development and aerial growth 148 

Plate XVIII. Mountain bunch-grass at the end of the third year, showing 

three flower stalks and inflorescence 148 

Plate XIX, Sickle sedge {Carex umbellaia brevirostris) ^ showing offshoots from 

the rootstocks and flower stalks with fruit in the process of development . 148 

Plate XX. Fig. i. — Station 4 on Stanley Range as it appeared on July 12, 1907. 

Fig. 2. — View of station 4 on July 15, 1909, after two years* protection from 
grazing animals. Fig. 3. — Viewof quadrat i, established on July 10, 1907- 148 

Plate XXL Fig. I. — Quadrat i, as it appeared on July 16, 1909. Fig. 2.— 

Area of inomitain bunch-grass closed to grazing animals on July 8, 1907. 

Fig. 3. — View of open range contiguous to area shown in figure 2 , 148 

Plate XXIL View of plot in the Transition (yellow-pine) zone which has been 
protected, from grazing animals for three successive years, showing contrast 

. in carrying capacity withe contiguous open range — .*■ •• •• . 

Plate XXI II. Fig. , I.— View, of .portion of allotment ' at medium elevation,-, 
where the destruction of forage seedlings due to grazing and trampling 
was studied. Fig. 2 .—Dense stand of smooth wild rye (Elymus glaucm) 
and short-awned brome-grass (Bromw marginaius) seedlings ...... . , . , . . . 148 

PECAN.'RosETTE 

Plate XXIV, Fig. I.' — ^One normal pecan leaf and two leaves with/rosette 

from Dewitt, Ga. Fig. 2 .— Pecan shoot with early symptoms of rosette, , . . 174 

Plate XXV. Rosetted pecan leaf showing perforations due to the failure of 

part of the mesophyll 'to develop . . , ,, . ... .... ., . ,. . ... . , ; i:74' 

Plate XXVI. Fig. i .- — ^Pecan shoot in advanced stages of rosette. ',' ,Fig. 2.— ' 

Normal pecan shoot for comparison- with rosetted shoot. , ..... .. . '174 

Plate, XXVIL Fig. -I.— Young orchard: pecan tree with a moderate attack of 
' '-rosette','on the left' side' and seriously dying back from the disease on the 
other aMe'v.' ,':'Fig.y',2.— Young 'Orchard'- pecan-", tree yin;''.,'adyanced';;::';st^^ 

', ^ rosette. ,,7-,., .-.v ,. ./.'L v-'. 
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PI.ATB XXVIII. Fig. I. — ^Yotmg orcliard tree with severe attack cjf rosette. 

Fig. 2 Rosetted pecan tree cutoff to tlie stump the preceding season , with, 
the present season’s growth again distinctly showing wosette. Fig. 3. — 

Two seedling pecan trees planted the same day from the same lot of vSeed- 
iings 3-74 

AppIvIJ Root EoEint 

Pi^ATP, XXIX. Figs. I and 3. — Sections of an apple.' root, showing burrows of 
the apple; root borer (Agrihis 'viiiaiicolUs), Fig. 2. — Cross section of the 
trunk of a young apple Tree, showing burro w^s made by the larvie of the 

apple root borer in ascending the trunk to pupate 186 

Pi^ATiS; XXX. Fig. I. — Agrihis vitiaiicollis: Larva (c), pupa (6), and adult (a) of 
the apple root borer in the pupal cell. Fig. 2. — Xylophmridea agrili, a 
common parasite of the apple root borer. ' Fig. 3. — vSection of trunk of 
young service tree, showing below the white egg and above the exit hole 
of the apple root borer. Fig. 4. — Xylophmridea agrili: Larvce of the para- 
site; one feeding on the larva and the other in the pupal cell of its host . . . 186 

PnAT^ XXXI. Fig. I. — Agrilus vitiatkollis: Egg on trunk of young service 
tree. Fig. 2. — Agrilus viiiaticolUs: Feeding form of hirva. Fig. 3.— 
Agrilus 'vitiaiicolUs: Contracted form of larva as taken from pupal cell. 

Fig. 4. — Agrihis viitaticollis: Vupo,, Fig. 5. — Agrihis 'viitaticollis: a, Adiiltt 
or beetle; hj claw; c, antenna. Fig. 6 . — Xylophruridea agrili^ a parasite 
of the apple root borer: Pupa. ........... ; , 186 
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Plate XXXII. Fig. I. — ^Ox}%emoglobin, ox blood. Fig. 2. —Oxyhemoglobin, 
ox blood. Fig. 3. — NO-hemoglobin, ox blood. Fig. 4.. — ^IVIethemoglobin, 

ox Mood, Fig. 5.— Methemoglobin, ox blood .......... 226 

Plate XXXIII. Fig, i. — Oxyhemoglobin, sheep blood. Fig. 2, — Ox^^hemo- 
giobin, sheep blood. Fig. 3. — ^NO-hemoglobin, sheep blood. Fig. 4. — 
NO-hemoglobin, pig blood. Fig. 5. — NO-hemoglobin, pig blood 226 

Identification of the Seeds of Species of Agropyron 

Plate XXXIV. Agropyron repens: Spikes showing degrees of variation whicli 

may occur. A, Typical spike ■ , 282 

Plate XXXV. Agropyron smithii: Spikes showing degrees of variation. A, 

Typical spike. ' 282 

'2'hhX%.'XKKVl,' Agropyron tenertmi: Spikes showing degrees of Vciriation, A, 

,■ Typical spike. ........ ■ 282 

Pl.ate XXXVII. Agropyron Typical seeds and spikelets. Fig. i.— A^ro- 
' . pyron^f opens. Fig,. 2 .- — Agropyron smithii , Fig. 3 . — Agropyron tenetum . . 282 


Observations on the Life History of Agrilus Bilineatus 

Plate 'XXXVIII. Agrihis hilineatus: Eggs in position ill' the bark'of 

, anoak tree, Fig.,.2.— A^nto bilineatus: Gluster'.of ne.wly laid' eggs. Fig. ' 

■ $.—Agfilus ' , bilineaius:'' Eggs\ shortly, before .hatching. ' Fig. ''4.— A^rtte 
,' ' biUnmtm: Newiy hatched'.larva.,. '' Fig. bilineatus: ■ ■ 

■ ' ' Fig. : 6,~-Agriim bilineatus: ' L^vadn its cell. , Section made,, .perpendicu- .■ 

' lar to the .suiface^of die bark.: A, ''Point at wMch'' adult will, emerge;,,^, ' , 

, ,,btimGwstopped:,withfrass.. Fig.' T'.—Ap’nto Pupa in'cell. ' Sec- 
" Tion'made',para!Ie! to.the'surfaceof''^the:bark/: 

: Adult .female. Fig. g.-— ^Agrilus. 5 ih*%ea^««.^." '':,Ad,ult.m , . . , ' ' 2^4 
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Pirate XXXIX. , Fig. i . — Feaf showing work of four Agrllus beetles in 24 hotirs. 

Fig. 2. —Hole in bark made by adult Agrilus in emerging from pupal cell. 

Fig. 3. — lyafvjc of Agrilus hilineatus and their burrows. Fig. 4.—* Complete 
burrow of a larva of Agrilus hilineatus. A, Point at which larva hatched; 

B, beginning of second instar; C, beginning of third' instar; D, beginning 
of fourth iiistar; E, pupal cell 294 

Susceptibility op Citrous Fruits to the Attack op the Mediter- 
ranean Fruit Fly 

Plate XF. Fig. i. — Orange, infested with larvae of tlie Mediterranean fruit fly 
(Ceraiitis capiiata). Fig. 2. — Orange infested with larvae of the Mediter- 
ranean fruit fly (Ceraiitis capiiata), showing two breathing holes of the larvae 
in the decayed area 330 

Plate XLI. Cross section of shaddock No. i, showing the thick, loose texture 
of the rag with darkened area above and to the right showing the channels 
made by well-grown Mediterranean fruit-fly larvae 330 

Plate XFII. Fig. i. — C ross section of the orange shown on Plate XF, figure 2. 

Fig. 2. — Orange containing 87 punctures in tlie rind 330 

Three-Cornered Alfalfa Hopper 

Plate XLIII. Fig. I. — The three-cornered alfalfa hopper (Sfocjft}ce/>/ia/a/<?.r3?ma): 
Adult, o, View from side ; b, view from front. Fig. 2 , — The three-cornered 
alfalfa hopper: a, Nymph in first stage; b, egg. Fig. 3. — The three-cor- 
nered alfalfa hops^er : Nymph in second stage. Fig. 4. — The three-cornered 
alfalfa hopper: Nymph in third stage. Fig. 5. — The three-cornered alfalfa 
hopper: Nymph in fourth stage. Fig. 6. — The three-cornered alfalfa hop- 
per: Nymph in fifth stage. Fig. 7. — ^An alfalfa stem showing feeding punc- 
tures of the three-cornered alfalfa hopper: a, Ring or gircUe of punctures 
around the stem; b, gall resulting from girdling 362 

Life History of the Mediterranean Fruit Fly from the Stand- 
point OF Parasite Introduction 


Plate XLIV. Fig. t,— -W ooden boxes, 14 by 12 by 3 inches in size, used in 
obtaining pupaa of fruit flies. Fig. 2. — Contrivance used for keeping the 
infested fruit free from the sand and bringing the emerging larvae to a 
central container where they may be gathered quickly . . . 374 

Platx? XLV, Fig, X. — Method of keeping adult fruit flies alive over long periods. ' , ' 

Fig. 2.— An apple after having been suspended for one day in a jar con- 
taining Mediterranean fruit flies. . .. . , 374. 


Relation' of Simultaneous Ovulation to the Production of 
Bouble-Yolked Eggs 

Plate 'XLVI.— -Fig. i.— -Large yolk '(weight,. 30. 12 gm.). with "two germ 'disks;' 
found in a large hen's egg. Fig. 2.— Fused immature yolks (weight, 1.45 
gm.); found in a small hen's egg. Fig. 3.— "Type I double-yolked egg, 
showing two yolks with separate vitelline membranes but inclosed in a 

common chai'aziferous layer.' , . . .. '386' 

PLATE' XLVIL. Fig.'i.— Type Idoubk-yolkedegg,showingtwoyolks with sep-,' 

' "aratC ' vitelline 'membranes but inclosed; in, a common: chalazhkous': layer. 

Fig. 2.— Type II double-yolked egg, showing two yolks with separate cha- 
. lazal , membranes ' but' comnion thick"'' albumen 
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Pirate; L. Oviduct removed from a laying bird and cut open along the point 
of attachment of the ventml ligament. A, Funnel; B, albumen-secreting 

region; XT, isthmus ring; C, isthmus; D, shell gland; and E, vagina 386 
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' ; cotton.,..:;. 400 
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adnate to the pedicel of the boll of the preceding intemode ; , . , 400 

■Plate TXI. Fig., ,i .-—Plant, of Dale Egyptian cotton, showing complete' abor« 
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of the;same'plantproducedafew;fruiting'branches'andripeneda,few bolls. , 
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: , .tenninal,bud, ’and' 'compensatory thickening 'of the petioles. , 400 
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RELATIVE WATER REQUIREMENT OF PLANTS 

By Byman J. Briggs, Biophysicist in Charge, Biophysical hivestigaiions, and H. B. 

SiTANTZ, Plant Physiologist, Alkali and Drought Resistant Pla7it InvestigaticnSs 

Bureau of Plant I ndustry 

INTRODUCTION 

The marked differences in the quantity of water required by different 
species of plants for the production of a given weight of dry matter when 
grown under the same environmental conditions is a matter of scientific 
interest and of great economic importance in regions of limited water sup- 
ply. The measurements which have heretofore been made have for the 
most part been limited to a few species and have been carried out under 
such varied environmental conditions that comparison is difficult. The 
writers have therefore undertaken the measurement of the water require- 
ment of representative species and varieties of the principal crop plants, 
grown at the same place and under as nearly uniform conditions as to time 
as the temperature requirement and life history of the different crops will 
permit. The first series of measurements were made at Akron, Colo,, in 
1911 (Briggs and Shantz, i9i3a)B These measurements were ex- 
tended in 1912 and 1913 to include many species whose water requirement 
had never before been determined. The later measurements fomi the 
subject of the present paper. The writers desire to express their oBliga^ 
tion tO' Messrs, R. D. ■ Rands, A. 'McG, Peter, H. Martin, R. A. ■ Cajori, 
Peter, and G. Crawford for efficient and painstaking assistance in con- 
iiection with these experiments. ■ 

BXPERIMBNTAB CONDIT 

The experimental procedure in 1912 and 1913 was similar to that in 
the earlier experiments. The plants were grown to maturity in large 
galvanized-iron pots holding about 115 kg. of soil. Each pot was pro- 
vided with a tight-fitting cover having openings for the stems of the 
plants, the annular space between the stem of the plant and the cover be- 
ing sealed with wax, The loss of water was thus confined almost entirely 
to that taking place through the leaves, and the entrance of rainfall was 
almost wholly excluded. The wax which has been found to be the most 

Bibliographic citations in parentheses refer to “Literature cited.*’ p. 62-63. , .. . 
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satisfactory for sealing the openings about the stems consists of a niixtiire 
of four parts of unrefined beeswax with one part of tallow. 

Six. pots of plants of each variety^ were used, and the water require- 
ment of each pot was determined independently, in order to provide a 
basis for the, calculation of the probable error of the mean. In makiir 
this, calculation, Peter's abridged method, based upon the , sum of 
departures, has been employed.^' 

The term 'Svater requirement," when employed in the following pages 
without further restriction, indicates the ratio of the weight of water 
absorbed by a plant during its growth to the weight of the dry matter 
produced, exclusive of the roots (Briggs and Shantz, 1913a, p. 7). 
The plants were dried to constant weight in a steam-heated oven, main- 
tained at approximately iio^^ C. When the plants produced grain, the 
water requirement based upon the weight of the dry grain is also given. 
The percentage of grain produced by the plants grown in the pots usually 
compared favorably with the field performance. Unless a normal per- 
centage of grain is produced, the water-requirement ratio based on grain 
production should not be applied to crops grown under field conditions. 
In a few instances the water requirement based upon the weight of roots 
or tubers has also been determined. 

To protect the plants from birds and severe hail and wind storms, it 
was found necessary to conduct the experiments in a screened iiiclo** 
sure. The inclosure used in 1911 consisted of a wooden framework 
covered with wire netting of X-inch mesh. This framework shaded the 
plants somewhat, being made sufficiently rigid to support a track above 
each row of cans, from which the cans were suspended during weighing. 
•To reduce the shading effect, a new inclosure was provided in 1912, the 
framework of which was made of irfnch galvanizeddron pipe with pipe 
posts 9 feet high at intervals of 8 feet. The framework to a height of 3 
feet was covered with a wooden wall which came slightly above the top 
of the' pots..' The remainder was covered with 'No. 21 galvanized'' wire 
netting of J' 4 -inch mesh. General views of the inclosure are shown in 
'•BlateT.V' ;' ' 

Although the new inclosure reduced the shading effect, pyrheliometric 
and total radiation measurements made inside and outside the inclosure 
still showed a measureable reduction in the radiation due to the shade 
of the screen. Measurements made with an Abbot silver-disk pyrlieli- 
ometer (Abbot, 1911) showed that the intensity of the direct radiation 

1 The remrded strains nsed ia these measurements were obtained the following offices of the Bureau 
of Plant Industry: Foreijgn Seed and Plant Introduction (S. P. I.); Cereal Investigations (C. I.); Alkali 
and Brought Resistant Plant Investigations (A. D. I.). 

® The formula used was Rm— 0.845 7==,- where R»a=«the probable error of the mean, i'd=*the sum of 

the departures, and «®=nmnber of determinations. 

A probable error based upon six determinations does not necessarily represent .strictly the actual fre- 
auency diagram, and this must be borne in mind in the wnsideration of probable errors. For a discussion 
of the probable error when the number of observatious is small, see ‘‘Student” (xpoS). 
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from' the sun was' reduced about- 20 per' cent by the inclosure at midday 
in , midsummer, while total -radiation measurements -made 'with -a differ- 
ential telethermograph (Briggs, 1913) gave approximately the same 
reduction. Simultaneous measurements of the water requirement of 
wheat, alfalfa, and cocklebur grown inside and outside the inclosure in 
1913 showed that the inclosure reduced the water requirement about 22 
per cent. The water-requirement measurements must therefore be con- 
sidered relative rather than absolute. In this connection it should be 
recalled that plants growing under field conditions are also mutually 
shaded and otherwise protected to some extent. The writers^ measure- 
ments in 1913 show that wheat grown in pots sunk in trenches and sur- 
rounded by a field of grain has a water requirement 10 per cent above 
wheat grown in the inclosure and 10 per cent below wheat grown outside 
the inclosure in a freely exposed wind-swept position. (See Table I.) 
The stand of wheat about the trench was below normal, owing to the dis- 
turbance of the plants in trenching and in caring for the pots. The potted 
plants in the trenches were consequently more exposed than if growing 
normally in a field of grain. The water requirement of the potted plants 
in the trench is therefore somewhat above that of plants normally pro- 
tected. From this comparison it appears that the inclosure measure- 
ments, at least in the case of wheat, are less than 10 per cent below the 
water requirement of plants exposed under field conditions. 


I . — Effect of the screemd inclosure on the water requirement of wheat at Akron, 
Colo,, in IQ13 


riant and period of growth. 

Pot 

No. 

Dry 

matter. 

Grain, 

Water. 

Grain* 

Water requirement 
based on— 

Grain. 

Dry matter. 



Grams . 

Grams . 

Kilos . 

Per cent . 




7 

162, 2 

' 56.5 

103.8 

' ' 35 

1.837 

' ,,640 

Kuhanka,. C. 'I. 1440 

8 

167.4 

63.9 

105. I 

38 

1.645 

■"-■,-628" 

{Triticum durum), 

9 

143 ' 4 

1 49*0 

91. 2 

3 S„ 

1,8-61:/:, 

636 „/■, 

check series, May 

10 

X51. 6 

1 ■. 51* 4 

93 ' I 

34 

I, 810 

/-, 6 : 1 - 4 ' ' -■ 

23 to Aug*;i3. 

„/ii 

148-9 

56-5 

89. s 

3 ^ 

1.584 

-■',"6oi''' 


1 12 

; m-s 

50 . 3 

102. 2 ,- 

■■■32: 

2,032,' 

" 642 ','■ 

■■ - '"■Mean. . .v. . 






i :i. 79 S ±43 

■' : 627 '±' 5 :: 


I 

143. 5 

46.fi 

8 x. 4 

i' :■■,■■ '■ 33 ' 

'■'■Ir 7 , 45 - 

sn - '■ 


2 


43 * 9 

80; 8 


'1,840 - - 

534 

Kubanka^', -."'m,'," .'/field, 

3 

l'US 3 *': 4 .. 

4S. 9 

82,9 

' ''-':' 3^2 

1,694 

540,' ;,:■ 

'""M'ay,'33' ''to' Augv 13. 

4 

: 156. 0 

42. ® 

88. 4 

"■ n '' 

2.063 

566 


5 

1 143' 9 

48. 2 

^ 3 ' 3 

33 

1, 726 

579 


16 

167. 8 

44 ' 9 

97' 3 

- ; 2-7 

2, 167 

580 

" Mean. . . . . . -. ; 






1, 873 ±61 

- , 562 ±6- 


73 

294. 8 

106. 5 

150-3 

36 

1,410 

:' 5 lO ''■ 


74 

373 * 4 ' 

lOI. 4 

135-9 

37 

1,340 

497 

Kubanka, in shelter, 

. 75 

257. 0 : 

97.1 

122. 4 

3 ^ 

1, 261 

"476. „ :' 

May 23 to Aug. 13. 

76 

304, 2 

116. 2 

156.0 

32 

1,342 

513 


77 

353*3 

93-8 

12 1. 3 

37 

1*293 

479 


78 

299.6 

ltd, 8 

150. 2 

39 

I, 286 

5^2 

i'' '■Meait''i -'V 






I, 322 d:i 6 

496 is 
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WBIGHING AND WATERING 

The discarding of the overhead track necessitated the construction 
of a movable support for weighing the cans. The weighing support 
used is shown in Plate II, figure 2. It was constructed of i-inch gal- 
vanized-iron pipe and consisted of a crossbar which spanned the row and 
which was supported at each end by two bent posts. These posts were 
fitted with floor plates secured to two wooden skids, which slid along 
the ground on either side of the row of cans. In the earlier weighings 
the pots were suspended from a rope running through pulleys to a small 
windlass located on one of the posts of the support (PI. II, fig. 2). The 
windlass was later located directly beneath the crossbar and was operated 
through a chain-and-sprocket drive. 

Each pot was provided with bale ears by which it could be suspended 
directly from the balance by chains. When the plants were not suffi- 
ciently high to come in contact with the weighing apparatus, pots could 
be weighed at the rate of two a minute if two men handled the support and 
a third recorded the weight. When 300 pots or more are to be weighed 
three times a week, as was the case at Akron, rapidity in weighing be- 
comes important. 

The initial and final weighings have been made with an accuracy of 
one-fifth of a kilogram, either with a platform balance or a sensitive 
spring balance calibrated and corrected for temperature. Intennediate 
weighings have been made throughout with a spring balance calibrated 
by means of a sealed check pot weighing 130 kg. 

The water in all cases has been added from calibrated 2-liter flasks 
(Briggs and Shantz, 1913a, p. ii). The neck of each flask is cut so 
as to deliver 2 liters of water when brimful. The flasks are filled by 
submersion. In some of the later work a tank with a framework arranged 
for keeping a number of flasks submerged has been used. No time is 
thus lost in filling flasks or in adjusting the contents to a fiducial mark. 

son, FkRTiUZEE 

Surface soil from the experiment farm was used for filling the pots. 

I Since it is well known that the water requirement is increased by a 

I deficiency in the plant food supply (Briggs and Shantz, 1913b, pp. 31-56), 
the same quantity of a complete soluble fertilizer was added to each pot 
at each station at intervals during the growth of the crop. The fertilizer 
in 1912 was applied at the rate of sop. p. m. of PO4, 100 p. p. m. of NO3, 
and 65 p. p. m. of EL, all based on an assumed dry soil mass of 100 kg. 
per pot.^ The phosphoric acid was applied as sodium phosphate; the 
nitrogen and potash as potassium nitrate. This amount of fertilizer was 
divided into four equal portions and applied at intervals during the 
actiye gwwth^^^^^ the crops, the ■first soon after 

■ i4p»a>t^ateiy:one-hairdi:^^ ■:■ ■ 
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tile plants, had become well established- In practice it, was found con- 
venient to make up a large quantity of the fertilizer solution of such 
concentration that 2 liters contained one-fourth of the total quantity 
required for one pot. The addition - of this quantity to each pot was 
followed immediately by 2 liters of water.' 

To test the influence of the fertilizer, one standard set of six pots of 
Kubanka wheat was grown without fertilizer at Akron, for comparison 
with the fertilized sets. The detailed results are given in Table II. The 
-water requirement of the unfertilized set was 4±2 per cent below that of 
the fertilized set when based on the production of dry matter, and i ±4 
per cent above, when based on grain production. The results therefore 
indicate that the additional plant food was not needed at this station, 
the water requirement of the two sets agreeing (within the errors of the 
experiment) whether based on the production of dry matter or on the 
production of grain. In 1911 the water requirement of the unfertilized 
set ^ at Akron was 6 ± 3 per cent above the fertilized set when compared 
on the basis of dry matter, although the ratios based on grain production 
were the same. 


TabIvU 11.— Effect of fertilizer on thewater requirement of wheat atAhron , Colo.yin xgX2 








Water requirenient 


Pot 

No. 

Dry 

matter. 

■ 



based on — 

Plant and period of growth. 

1 Grain. 

Water. 

Grain. 






Grain. 

Dry matter. 




1913. 


Grams, 

Grams. 

Kilos. 

Per cent. 

879 



-I ■ 

\ 270. 0 

108. 2 

95 ‘ 3 : 

40 

^'' 352,,',,, 

Kubanka, C. I. 1440 

2 

252. 7 

88.3 

97.1 

35 

I, 099 

384 

( T riticum d u ru w) , 

< 3 

m- 4 

98. I 

109. 9 

i' ' '32 

1,120 

i ' 393 " 

M.d.y g to Sept. 3, 

4 

288.8 

99.7 

118. 6 

35 

I, 190 

4II' ,' ,- 

fertilized. ' . . . 

K 

291. 8 
261. 7 

99 - 5 
92* 2 

122. 0 

34 

, 35 ' 

I, 226 

1,152 

418 

406 


16 

106. 2 

Mean 






i,'IiI'± 37 ' 

394 ±7 








f 7 

291. 8 

102. 8 

108. 6 

' 35 '' 

.1,056 

372 ; 

Kubanka,- C., I. ,1440, 
■■May 9 , to Aug. '2.x, 

- 'Unfertilized.,'-.. .. 

8 

I 

272.3 
290. 3 
274.8 

100. 6 

IQl. I 

79 ' S 

107. 4 

X08. 8 

109. 4 

37 

'- -''35 

29 

1,067/1 

'„-'I,.o7,6 "'■---'! 
,''i* 37 ' 5 ''v 

394 

375 

398 

' ' ' -ir-,/ 

3 00. 2 

105.7 

'■-1x4,' I 

■ ' 35 ' 

380 



263. 2 

87. 6 

88. 4 

33 

1, 090 ' . 

336. 

-Mean. . , . . . . .- . 






' -' 1, 124 ±32-' 

',; ,''"'' 3 7 ^ id- 








CniMATiC 3?^ACTORS 

The instrumental equipment for the measurement of climatic factors 
included maximum and ininimuin thermometers and an air thermo-^ 
graph exposed in a standard shelter 4 feet above the ground surface, an 
anemometer, a psychrometer, a rain gauge, and an evaporation tank. 

^ Based on pots i to 6, unfatilized, wliich Bad the same exposure as pots 7 to isz, fertilized. 
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The smishiiie, the wind velocity, the combined sun and sky radiation, 
the wet bulb depression, and the evaporation were automatically recorded. 
The results of some of these measurements, combined in 5-day periods 
for the sake of' brevity, though not without sacrifice, are given in Tables 
III and IV. The discussion of the influence of climate on water require- 
ment ' has purposely been restricted, since such correlations as may 
exist can . best be determined when discussed in connection with the 
results from other stations established for this purpose. 


TABrn III . — Summary of climatic conditions at Akron, Colo., in Ipl2 

if. 


Month. 

Days 

(inclusive). 

Air temperature (°F.). 

. 

Precipi- 

tation. 

Evapo- 

ration. 

Wind 

veloc- 

ity 

per 

hour. 

A 

Means. 

(/erage of 

Maxi- 

mums. 

Mini- 

raums. 

Maxi- 

xnuin. 

Mini- 

mum. 

V,I9I2.' , ' 









Jmkes. 

Inches. 

Miles,. 


I 

to 

5 

48 

62 

33 

73 

29 


0.82 

7.7 


6 

to 

10 

44 

60 

29 

69 

23 

0. 26 

.71 

8.5 

April . ... . . . . . 

II 

to 

IS 

44 

56 

30 

68 

26 

' . 51' 

•71 

14. 7 

i6 

to 

20 

40 

49 

29 

54 

26 

.36 

•47 

9 * 5 


21 

to 

25 '' 

46 

57 

32 

70 

27 

^ .03 

.78 

9.6 


1 26 

to 

30 

49 

62 

■ 3 S 

69 

32 

I* 33 

I. 09 

9-5 


' I 

to 

5 

SO 

67 

35 

76 

28 

•35 

.98 

10, 4 


6 

to 

10 

53 

66 

41 

.75 

34 

.40 

.90 

8.3 

May, ....... ..... . 

II 

to 

IS 

, 44 ' 

53 

36 


32 


. 60 

8.6 

16 

to 

20 

61 

77 

47 

83 

41 

Tr. 

Tr. 

•99 

6.9 


21 

to 

25 

64 

78 

47 

84 

42 

1. 32 

7- 1 


26 

to 

31 

60 

77 

44 

92 

35 

1. 14 

2. 31 

9-3 


' I 

to 

5 

64 

78 

49 

83 

45 


I. 32 

7 - 8 


b 

to 

10 

59 

69 

49 

78 

47 

.41 

74. 

8.1 

'June. 

' II 

to 

IS 

60 

72 

49 

84 

44 

1.03 

, 84 

■' 4 - 5 

16 

to 

20 

55 

bs 

41 

78 

37 

I. 51 

,1. 00 

4 -: 3 


21 

to 

25 

66 

80 

50 

86 

43 


I. 21 

5 - 5 


26 

to 

30 

■ 72; 

88 

55 

89 

. 50 

.44 

',1. 64 

6. 1 


I 

to 

S' 

66 

81 

49 

87 

46 

•03 

I. X 2 : 

5. t 


6 

to 

10 

73 

89 

55 

96 

51 

•34 

I. 58 ■: 

6, i 

July...;.;.,....:... 

II 

to 

IS 

70 

86 

:■ 54 

.■,92 

5 P 

. 01 

1. 36 

,5- '6 

ib 

to 

20 

69 

82 

55 

90 

, SO 

72 

I. 06 

6. i 


21 

to 

' 2 'S 

73 

88 

59 

94 

55 

I. 63 

1-38 

S‘ 5 


.26 

to 

31 

69 

80 

57 ; 

85 ' 

S 3 

.85 

X. 12 ' 

4, I 


I 

to 

5 

68 

79 

58 

84 

54 

. 16 

,i..04 

i 7 *. I 


6 

to 

10 

<55 

79 

so 

85 

48 

• 32 

■I. 0 $ 

■3.8, 

August. , , . . r. . . 

II 

16 

to 

to 

US. 

20 

69 

68 

83 

82 

54 

53 

89 

86 

50 

' 51 

•38 

;,s6.. 

..X. 15^ 
X. 04 

■,3,.o: 


21 

to 

25 

72 

89 

56 

'' '' 95 

52 ^ 

',:i. 29 

■ .4. 0" 


. 26 

to 

31 

72 

88 

56 

. 9 ^ 

53 

. 16 

I. 48 



' I 

to 

5 


87 

54 

90 

47 


, 1-39 

6. 4 


6 

to 

10 

^5 

80 



y ''' 47 .' 

, *43 

I. 08 

7. 1 

September. . 

II 

16 

to 

to 

IS 

20 

'■■'■.'.'SI'" 

61 

66 

38 

37 

'.'■," 77 :" 

''.':8r:'' 

r:'"' 3 , 2 ..' 
i' ''' 31 " 

; 1. 26 

. 61 
. 62 

k: 5 -' 6 ' 

' 6 .'. 3 : 


21 

to 

2 S':''' 






. 02 

• 54 

* 3 


, 26 

to 

3 b 

■■■: :y 43 - 



CfjP, 

' ^'.26. 

. 17 

•41 ^ 

4 - 5 
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Table? IV.- — Summary of climatic conditions at Akron, Colo., in ipij 


Month, 


1913. 


April, 


May 


June. 


July, 


August 


September. 




Air temperature (®F.). 




Wind 

veloc- 

ity 

Days 

(inclusive). 

Average of- 

- 

Maxi- 

mum. 

Mini- 

mum. 

Precipi- 

tation. 

Evapo- 

ration. 


Means. 

Maxi- 

mums. 

Miui- 

mums. 



hour. 

f I to 5 

49 

66 

31 

77 

21 

Inches. 
0. 02 

Inches. 
0. 82 

Miles. 

7.4 

6 to 10 

33 

46 

24 

73 

10 

.94 

• 78 

■, 12.4, 

II to 15 

45 

64 

29 

77 

18 


.3^ 

3*6 

16 to 20 

53 

69 

40 

74 

34 

• 87 

.76 

7*2 

21 to 25 

44 

55 

34 

68 

27 

.36 

•51 

II. 0 

26 to 30 

60 

7 S 

40 

84 

37 


I. 15 

7.1 

I to 5 

47 

58 

35 

69 

31 

Tr. 

.72 

6.7 

6 to 10 

54 

68 

43 

81 

41 

. 82 

.84 

8.9 

II to 15 

55 

69 

43 

80 

33 


.86 

, , 7-4 

16 to 20 

55 

70 

42 

80 

38 

Tr, 

-93 

■ ■■ 7.6 

21 to 25 

62 

77 

46 

84 

39 

. 02 

•99 

5*7 

26 to 31 

69 

86 

51 

91 

48 

.06 

I. 50: 


f Ito 5 

65 

81 

51 

87 

48 

. 26 

3 E-'i 5 :. 

6. 2 

6 to 10 

57 

67 

45 

77 

37 

Tr; 

1. 07" 

10.3 

1 1 to 15 

66 

81 

53: 

91 

42 i 

. 16 

1. 17 

9.0 

*16 to 20 

71 

88 

54 

93 

52 

Tr. ^ 

1.2J' 

6. 6 

21 to 25 

69 

86 

54 

89 

52 

• SI' 

1-33 

■' ■■■.■' 5.^8 

; 26 to 30 

74 

91 

60 

97 

49 

.42 

2. 19 


I to 5 

75 

92 

5 ^ 

100 

53 


1,71 

7.0 

6 to 10 

79 

96 

60 

lOI 

56 


1.88 

6.6 

II to 15 

74 

92 

56 

103 

46 

. 02 

I. 78 

6.8 

16 to 20 

68 

S3 

56 

93 

S 3 

1. 12 

X.27' 

4*8 

21 to 25 

66 

78 

56 

87 

53 

.61 

I. 01 

6.8 

^ 26 to 31 

67 

87 

49 

93 

43 

.10 

I. 61 

SO. 

I to 5 

78 

95 

61 

98 

: 57 ■ 


'3:. 75 

,':■ 

6 to 10 

74 

90 

59 

97 

54 

.''■*05," 

■i-,S 4 '' 

■■ ■■ 6, '2 

II to 15 

73 

90 

59 

93 

56 

.81 

I. 23 


' 16 to 20 

76 

93 

61 

95 

56 

.24 

X.38 

SO 

21 to 2 5 

73 

90 

57 

97 

53 


I. 58 

'■■ 5 *' 9 ^ 

, 26 to 31 

75 - 

91 

59 \ 

98 

.-'54 

'.■'04 

1.83 

"AS 9 

' I to 5 

73 

90 

5 ^ 

92 

'' " 51 . 


''■■'x .',37 

"■ ' 4.^8 

6 to 10 

68 

8s 

: 5 ^ 

92 

48 

• 45 

I. 27- 

■' .', 4 „ 7 '' 

' I I to ,15 

62 

79 

45 

86 

40 

.10 

; I. 30., 

■ 

\\ 16 to 20 

''.'■63 

68 

39 

87 

■'■ ■.■:' 2 ', 9 ' 

Tr.: 


,.■,^^' 9 - ■■2 

'■■■21. to' 25, 

45 

59 

32 

.: 7 ^:: 

. : .27 

■■■.- 39 '." 

'.,61 

■.■.■■' 5 ‘^^' 

\[ 26 ■t0'''30 

'...'■■ '■., '^ ■■'■ 

50 

60 

41 

■'■■70,: 

■■ ,'.37 

"."•' 97 ," 


■',■'■■ A: 7 ' 


The months of June, July, August, and September, 1913, were all 
warmer than in 1912, the average difference in the monthly means being 
4.° P. In only 2 of the 24 five-day periods into which these months are 
divided did the mean maximum temperature in 1912 exceed that of 
1913. The character of the two seasons is best reflected, howe^^ m 
the evaporation graphs shown in figure i. The evaporation for the two 
years was not essentially different up to the ist of June. From this 
time on the evaporation in 1912 averaged much lower than in 1913. 
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The marked response of the plants to the different seasons is shown in 
the reduced water requirement in 1912. (See Tables XXXII, pp. 36~38, 

and XXXIII, p. 39-) 

WATER REQUIREMENT OF VARIOUS CROPS 
WHEAT 


The water requirement of six varieties of wheat, including emmer, 
was measured at Akron in 1912. The results a'rranged in order of 
increasing water requirement based on drj^ matter are as follows ; 


Variety of wheat 

Turkey 

Kharkov ....... 

Kubanka. . . .... 

Emmer. 

Bluestem. . . — . 
Spring Ghirka. . . 


Water requirement 
36.:t±6 

3bs±b 

394±7 

428±3 

45i±4 

4S7±3 



Fig. i.—Evaporation from a free-watcr surface (tank) at Akron, Colo., in lyir and 19x2, Note the 
marked reduction in evaporation in 1912 after June 10, A volcanic eruption in Alaska occurred on 
June6. ' . . , , 


The Turkey and Kliarkov varieties (PI. Ill, fig. 6) were tested for 
the, first „ time' ;in . 1 9,1 ,2'.., These are-wintet' varieties and' Were;tf^^ 
to the pots in the spring from field plats sown in the fall They gave 
the same water requirement and appear to be about 10 per cent more 
efficient than the Kubanka (PI III, fig. i), which has heretofore been 
the most efficient wheat tested as regards economy in the use of water. 
This comparison, however, ignores the small quantity of dry matter in 
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tlie plants at the time of transplanting. The three remaining varieties 
show somewhat greater differences than in 1 91 1 , and the order is rcAT-ersed. 
The probable error of the water requirement of emmer in the 1911 exper- 
iments was abnormally high, so that the 1912 series (PL III, fig. 4, 
and PL VII, fig. 4) may be considered more nearly representative of 
the relative position of this crop. 

The water requirement of different varieties based on grain production 


is as follows : 

Y ariety of wheat Water reciiiirement 

hammer (including glumes) 984 ±18 

Turkey ggs±22 

Kharkov. i, 064^:60 

Kubanka i, in ±37 

Knimer (without glumes), i, 243^23 

Spring Ghirka i, 468 ±34 

Bluestem 1,573 ±49 


In order to reduce the results obtained with emmer to a basis com- 
parable with the other Ararieties, the calculations should be made upon 
the weight of the grain without the glumes, which constitute about 21 
per cent of the total weight. When this is done, it Avill be seen that the 
water requirement of the. different varieties based on grain production 
follows the same order as w^hen based on the production of dry matter. 
The Turkey wheat again gives the lowest value for the water require- 
ment, although the Turkey, Kharkov, and Kubanka may be considered 
substantially in agreement when the errors of the experiment are con- 
sidered. The detailed results are given in Table V. 


Tabled V . — Water requirement of different varieties of wheat at Akron, Colo. yin 

and igis 


Plant and period of growth. 


1912.' , 

Kubanka,' ''C. I.', 1440" 
(Triticum durum), 

■' '.May '9 to Sept, 3'. . . . 


'Mean, 


Marvel Blucstein, C. I. 
3082 (T r i ii cum 
aestivum), May ii to 
Aug. 28 


Mean 


Pot 

No. 

Ory 

matter. 

Grain, 

AVater. 

Grain, 

AVater requirement 
.based' on— ' 

, , "Grain. ' 

Dry matter. 


Grams. 

Grants. 

Kilos. 

Per cent 



f I 

■270.' O' 

108. 2 

95 * 3: 

40 

879 

352 

, 2' 

252.7 

88. 3 

■ : 97. , I 

- 'SS' 

: "1, 099 ,' ''V"'" 

384 : 

■: 3 ' 

279.4 

98. I 

109.9 

: 32;, 

I, X 20 '' 

■ 393 V.,: 

4 

288.8 

99-7 

118. 6 

'" 35 / 

1,190 ' 

■ 4II 

5 

■ 291. '8'. 

99. 5 

122. 0 

34 

■ I,22"6' . ' 

-",;;A 43 : 8 ' ■' 

1 6 

261. 7 

92. 2 

106. 2 

' , 35 " 

1. 152 

; ;' 4 q 6 , ,' 


■ ; 



, ; ,' .i 

I, ii'id :37 

■''" 394±'7 

31 

' 286. 2 

74.2 

126.3 

26 

, 1,701 


32 

333*0 

93. 1 

147.4 

28 

1, 582 

i'": '' 443 " 

33 

310. 8 

87.9 

145* 7 , 

v',V28" 

1,658 

469 

34 

298. 8 

77.2 

134*3 

26: 

1,740 

450 

35 

321.4 

102. 9 

149.5 


1,452 

465 

36 

334*3 

III. 8 

145*7 

33 

1,303 

436 

..t, w' 





I, 573 ±49 

451 ±4 
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TabIv^ V . — Water requirement of different -varieties of wJwat at Akron, Colo., in igi2 

and igis — Continued 


Plant and period of growth. 


1912 . 

Kliarkov, C. 1583 
( T fiiicum aestivum ) , 
Apr. 27 to Aug. 28 . . 


Mean . 


Pot 

No. 


Turkey » C. 1571 
{Triticum aestivum), 

. Apr. 27 to Aug. I , . 


Mean.' 


Spring Gliirka, C. I. 
(Triticum aes- 
tivum), May II to 
, Aug.' 12 . . ..... . . 


Mean. 


I^rnmer, C. I. 2951 
(TrUicum dicoccum), 
May ,ii to' Aug. ' 12 ,:. , 


Mean...,..'.....'. 

Kubanka, C. I. ' 1440. 
{THHcum dtirum), 
May ,23 to Aug.^ 13 .',., 


Mean. ,* , 


37 

38 

39 

40 

41 

42 


Dry 

matter. 


Grams. 

365-6 

347-3 

360. o 

384-9 

326. 9 
310.7 


Grain. 


43 

44 

45 

46 

47 

48 


55 

56 

57 

58 

59 

60 


61 

62 

63 

64 

65 

66 


.73 

74 

75 

76 

77 

78 


344.4 
328 - 4 
242 . 7 
308 . o 
24S« 9 
274 . 4 


266. S 
263.3 
264. 6 
27s- 9 
297. 9 

314-7 


3 51- S 
314- 7 

352- 8 

340-5 

358- 1 

343-0 


294 . 8 

273* 4 

257.0 
304 . 2 

253^ 3 

299 . 6 


Grams. 

91. 6 

131-3 

128. 7 
138. I 

124.4 

1 19. 2 


Water. 


I2I. 2 
II 2 . 4 
86.1 
1 19. 6 

97-7 

100. 8 


74.4 

81. o 

82. 1 

90. 2 

94. 2 

105,2 


455-6 
142.3 
146. I 

143-8 

159-7 

149-0 


106. 5 
loi. 4 
97- 1 
116.2 
93.8 
1 16. 8 


Kilos. 
138. 0 

122 . O 

141. 6 

135 - 6 

121 5 
106 I 


132 5 
120. o 
85.6 
106. 7 
.95-2 
95-4 


Grain. 


Per c&nU 

25 

38 
36 

40 
38 
38 


122. 5 
120. 6 
126.3 
125. 6 
131- 5 
141. 6 


145- 1 
432 - 5 

158. o 
147. 8 

454 - 6 

146.3 


450 - 3 
435-9 

122 . 4 
156 . O 
12 1, 3 
150. 2 


35 

34 

35 

39 

40 

■37 


28 

31 

3 ^ 

33 

32 

33 


44 

45 

41 

42 

42 

43 


36 

37 

38 

38 

37 

39 


Water reqirirement 
ba.sed on — 


Grain. 


Dry matter. 


1)505 
93 ^> 
1, 100 
982 
978 
890 


I, 064 dr 60 


1,092 
I, 070 

995 

892 

974 

946 


995 ±22 


1 , 64 s 
1, 489 
3 :, 540 
h393 
1)395 
I) 347 


i, 46 Sdr 34 


932 

930 

1, 080 
I, 028 

950 

■982 

984*18 


I,. 4 IX 

1 , 340 '/ 

I,'26i 

j ,342 

X) 293 
1, 286 


1, 322 dr x 6 . 


377 

35 X 

394 

353 

372 

,342 


365*6 


38 s 

36 s 

353 

346 

387 

3 ' 48 ' 


'364*6 


459 

458 

477 

456 

442 

450 


457*3 


413 

421 

448 ' 

434 

423 

426 

, 428*3 


• 510 '" 

"497 

476 , 

5 x 3 ' ,' 

, 479 ' ' 

502 ' 

496 * 5 ', 


Only one wariety of wheat, the Kubanka, was included in the measure- 
ments' '.of ''1913V/''' Ifhfe gave a water requirement, 26 'per cent' 'above' 
the 1912 ratio and 19 per cent above the 191 1 ratio. The water require- 
ment on the basis of grain production was tg per cent higher than in 
1912 and 1 1 per cent higher than in 1911. 
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OATS 


The four varieties of oats employed in the water*- requirement tests in 
1912 were the same as those used in the 1911 experiments. The water 
requirement in 1912, based on the total dry matter produced, was as 
follows: 


V ariety of oats 

Canadian 

Swedish. Select . 

Burt.. 

Sixty-Bay 


Water requirement 
399 ±6 

423±5 

449±3 

....... 49i±i3 


The Canadian again proved to be the most efficient of the varieties 
tested. The differences exhibited by the first three varieties in the 
list are practically the same as in 1911. 

Much trouble was experienced in obtaining a stand of Sixty-Day 
oats. The germination was very poor and a second and even a third 
planting failed to give a good stand, as is shown by the variations in 
the yield of the different pots. (Table VI.) This is, perhaps, the cause 
of the higher water requirement obtained for Sixty-Day oats, which 
in 1 91 1 ranked next to the Canadian in efficiency. 

The water requirement of the different oat varieties, based on grain 
production in 1912, was as follows: 


Variety of oats 
Swedish Select. 
Sixty-Day. . . . . 

Burt..... 

Canadian. ..... 


Water requirement 
. . . . I, 103 ±18 
. . . • I, 172^133 
.. .. i,224±55 

.... i,4i6±ii9 


The probable error is high in all the determinations, except in the 
case of the Swedish Select (PL III, fig. 5), and the relative order 
of the varieties is consequently of little significance. It is, however^ of 
interest to observe that the Canadian variety is the least efficient in the 
use of water from the standpoint of grain production, which is in accord 
with the' 1 91 1 experiments. ' Vv 

Swedish Select and Burt oats were also included in the 1913 measure- 
ments at Akron. On the basis of dry matter produced) the two yarie- 
ties were equally efficient in the use of water. In the measurements 
of 1 91 2 and 191 1 these two varieties gave only slight differences^ the 1911 
and the 1912 results being in accord when the probable errors are con- 
sidered. On the basis of grain production, the Burt was the more effi- 
cient in 1913, and the Swedish Select in 1912 and in 1911. No real 
differences of importanee are shown in these two varieties when the meas- 
urements of the three years are considered. 
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Tabi^eJ VI —IVater requiremmii of different varieties of oats at Akron, Colo., in xgis and 

1913 


Plant and period of growth. 


1912. 

Sixty-Day, C, I, 165 
{Avena saliva). May 
15 to Aug. 23 


Mean. 


Canadian, C. I. 444 
{Avena saliva), May 
■17 to Sept. , 16 , 


Mean. 


Pot 

No. 


67 

68 

dg 

70 

71 

,72 


Burt, C. I. 293 (Awim 
.yfliwa), May 15 to 

Aug. 23.. 




Swedish Select, C. I. 

134 {Avena. saliva), 
, May. 17 to Ang. 23.,. 


, .Mean. . ....... 

' Swedish , Select, C. I. 

, : 134 (Ave'na saiiva), 
" May, 23 to Ang. i. , . 


.■ Mean,. 


Bnrt, ^G. : I. '2'93. , (Avena 
. .saliva). May 23'"' to 

July 25. .......... . 


'Mean. 


73 

74 

75 

76 

77 

78 


Dry 

matter. 


Grams. 
206. 5 
287. 7 
270. 9 

93*9 
274. 7 
248. 9 


227. I 
302. I 

^ 33- 5 

276. o 

^58 - 3 

250. o 


79 

80 

81 

82 

83 

84 


85 

86 

87 

88 

89 

90 


79 

50 

51 

82 

83 

84 


8s 

86 

87 

88 

89 

90 


3 S 2 - 8 
339 9 
299 5 

344- S 
3SI- S 
363- 8 


402. 2 
395*7 
409. 5 
412. 2 
389. 8 
366. 8 


265-5 

250. 1 
262. 4 
296. 7 
286. I 
291. 9 


243-7 

245,6 
240. 4 
■2 55' '5. 
250.0 

254*9 





Water re< niirenient 




liased on — 

Grain. 

Water. 

Grain. 



Grain. 

Dry matter. 

Grams. 

Kilos, 

Per cent. 



72. 8 

1x9-9 

36 

1,645 

892 

580 

147*9 

131.8 

5 x 

458 

107.3 

133- 6 

41 - 6 
129 s 

40 

I, 245 

493 

444 

472 

X 43 * 4 

52 

904 

124. 7 

501 








I, 172 ±^33 

49 X±i 3 




80. 9 

91. I 

36 

1, 125 

401 

118. 7 

126. 7 

39 

I, 068 

I, 767 

419 

50* 4 

89, I 

,22 

382 

79.8 

107. 8 
59 * 3 

29 

x ,350 

390 

375 




60. 5 

107. 0 

. ' 24 

1,769 

,428 




1, 4r6±iig 

399±6 




13S.8 

153- 5 

39 , 

1, 106 

435 

no. 5 

158. 4 

33 

1, 433 

1,448 

466 

93-8 

13s- 8 

3 X 

45 . 3 ' 

132. 9 

150. 9 

39 

X7X35 

438 

147.8 

160. 3 

42 

1,085 

456 

143 * 3 

162. 7 

39 

X, 13s 

447 




i, 224 ± 5 S 

449 ±3 




167. 7 

167. 2 

42 

997 

416 

145 * 9 

X 7 I* 5 

37 

1, 176 

434 .' 

X 5 S *9 

171. 2 

3S 

1,098 

418 

152. 9 

164. 0 

37 

X7 073 

I, 163 

398 

X 45 * 9 

169 7 

37 

'435 ' ' 

144. 5 

161. 0 

: 39 

'X 7 XI 3 ,, 

439 • 




x,io3±t8 

423 





84. 2 

171. 4 

■ ■ 32' 

27 035 ■ , 

646 

83. 0 

164. 2 

. 33 

. 1,979 

656 

77*4 

158.5 

..■29 

2, 049 

1,640 

604 

106. 9 

175.3 

36 

.5Q1 

loi. 4 

17+3 

'35 

1,719 

609 

95*0 

174. 0 

33 

I, 831 

596 




1, 876 ±55 . 

", '6'x7i:9 " 




93-4 

148,8 

38 

1,594 

6ir ' 

loi. 8 

■■■i'5i. I , 

■■■ ,'.', 4 X'', 

1,484 

: 616. . 

87. 6 

XS 6.5 

36 

1,787 

'650 ' 

89.3 

157. 0 


1,758 

■6x4 '. 

94.7 

■.x55-,7. 

38 

1,644 

623 

94*5 

149-3 

; ;' 37 ; 

1,580 

586 




I, 641 ±33 

'617: ±5;^ 


6- 
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bari.e;y 


Barley is the most uniform in water requirement of the small-grain 
crops which the writers have tested. The four varieties grown at Akron 
ill 1912 showed only slight differences in their water requirement. The 
results obtained, based upon the production of dry matter, were as follows: 


Variety of .barley 

Beardless 

Beldi 

White Hull-less. . 
Hannclien 


Water requirement 
403±8 

416 ±4 

• 439 ±^ 

443 ±3 


These same varieties were also tested at Akron in 1911 and were 
found to be in practical agreement as regards their relative water require- 
ment. The mean value of the water requirement was 27 per cent 
higher in 1911 than in 1912. 

The results obtained with barley when the water requirement is 
based on grain production are less uniform than when the total dry mat- 
ter is employed. Reference to Table VII will show that this is often 
due to a single pot which for some reason fails to set grain as abundantly 
as the rest of the series. The Beldi, a dwarf variety, showed the highest 
efficiency in the use of water in grain production. The White Hull-less 
(PL III, fig. 2) has a water requirement slightly above the other 
varieties, even when a correction is made for the naked character of 
the grain. ■ ' ' 


TablU VII. — ■PFa/cf reqiiireinant of different 'varieties of barley at Akron, Colo., hi igi2 
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Tabi,® VII. — Water requirement of different varieties of barley at Akron, Colo., in Ipi2 — 

Continued 


Plant' and period of growtia. 

Pot 

No. 

Dry 

matter. 

Grain- 

Water, j 

Grain. 

Water requirement 
based on — 

Grain, 

Dry matter. 

19x2. 

Beardless, C. I. 716 
(Hordeum vulgare), 
May 16 to Aug. 23. .. 

Mean 

109 

no 

111 

11 2 , 

113 

114 

Grams- 
112. 0 
144. I 

276-3 

227. s 
210. 5 
291.3 

Grams- 

20. 7 

21. 9 

135*7 

92, 2 
63.9 
120. 2 

Kilos, 

49.2 

56.1 

III. 6 
93-8 
87. 2 
103. 7 

Percent . 

iS 

15 

49 

40 

30 

41 


439 

389 

408 

412 

414 

356 


823 

1, 017 

1, 364 

862 

I, 017^:83 

403 ±8 








RYE 

The meastiremerit of the water requirement of spring rye at Akron 
in 191 1 showed a surprisingly high figure — 54 per cent above that of 
Kubanka wheat. The 1912 measurements (Table VIII) gave 496 ±9 
for the water requirement of rye when based on dry matter and i ,802 ± 62 
when based on grain production. The 1912 (dry matter) ratio is thus 
about 26 per cent above Kubanka wheat, a marked increase in the rela- 
tive efficiency in comparison with the 191 1 ratio. In fact, rye exhibited 
the greatest reduction in water requirement of all the crops tested in 
1912. : ; ■ ■ ■ ■ . . 

A consideration of the water requirement of crops grown out of season 
in 1911 showed that rye was unusually efficient during the cool fall 
period. This result as well as the increase in efficiency in 1912 suggests 
that rye may be unusually responsive to climatic conditions and that 
it is relatively better adapted to low temperature than the other small 
grains. , 

Table VIII . — Wafer requirement of rye at Akron, Colo., in igis 


Plant and period of gro'W'th, 

Pot 

No. 

Bty 

matter. 

Grain, 

Water, 

, Grain, 

Water reqwircment ^ 
bas(;tl on'*— 

Grain.' 

Drymatter. 

,, ' 1912. 

Bye, spring, '.C.' I.' 73', 
(Secale cereale), May 
16 to AuSf. 2‘X. ...... . 

' I'IS 

II6 

II8 

,120 

Grams. 
2 X 0 . 6 

216. 4 
179. 2 
248. 6 

234- S 

2 54, 1 

Grams. 

S 7-8 
65,1- 
52.6 
65.8 
54-7 
: 7 S- 6 

Kilos. 
96. 2 
118. 8 
84,3 
M 3 - 3 

120. I 

124.6 

Percent. 

' .3O' 

29 

26 

23 ' 

'■, 30 '. 

' 

1,664 

1,825 

1,603 

1,874 

2,195 
:.i, 649 ,: ,: ■ 

4 S 7 

S 49 

470 

496 

512 

490 '', 

Mean,' . ; . , 

1',' ;i,'8o2',d:6'2 

496 ±9 






1 ■ 
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rice; 

Rice was grown for the first time at Akron in 191 2.' The crop was slow 
in becoming established, and the growth period was relatively long. No 
grain was produced. The water requirement based on dry matter was 
5 19 ± 13 (Table IX). It thus appears that rice, although a crop normally 
grown with an abundant water supply and in a relatively humid climate, 
is about as efficient in the use of water as rye. Its relative position 
might be materially changed if the tests were made in a warmer climate. 

Rice was also included in the 1913 measurements (PL VII, fig. 3). 
The stand was good and the grow’-th was uniform and luxurious, but the 
season was too short to produce grain. The water requirement in 1913 
was 744±i7, or 43 per cent higher than in 1912. 


TABnn IX . — Water requirement office at Akron, Colo,, in igx2 and IQIJ 


Plant and period of irro-wth. 

Pot No. 

Dry mat- 
ter. 

Water. 

Water require- 
ment based on 
dry matter, 

1912. 


Grams. 

Kilos. 




248. 4 

133-5 

538' ■ 


^52 

253- 1 

141. 2 

SS8 

Rice, Honduras, C, I. i€43 (Oryza saiiva), 


232.5 

127.4 

548 

May 27 to Sept. 23 

154 : 

168. 9 

9 °-S 

536 


^55 

194. 0 

94.8 

488 


156 

225. 6 

100. 0 

445 

Mean 




5 i 9 dbi 3 

1913. 





f 157 

276. 7 

218. 2 

790 


158 

261. 7 

2 II. 5 

809 

Rice, Honduras, C. I. 1643, June 12 to Sept. 

159 

230. 2 

176. 9 

768 

, , 

160 

274. 8 

186.6 

680 


161 

294. 8 

204. 0 

692 


1 162 

298. 7 

215. 8 

722 , ' 

Mean 




744 ±i 7 






Flax was included in the water -requi renient measurements at Akron for 
the first time in 1913. Its water requirement was found to be very 
high, 905 ±25 based on dry matter and 2^835 ±52 when based on seed 
production. It will thus be seen to have a water requirement as high or 
higher than any of the legumes tested in 1913. This is in accord with 
the measurements made by heather (1911, p. 270) in India, in which flax 
was exceeded in water requirement only by chick-peas and 
Akron in 1913 flax required 22 per cent more water than rice. The 
detailed results are given in Table X. 
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Tabi^E) X . — Water requirement of flax at Akron, Colo., in XQij 


Plant and period of growth. 

1 

Pot ^ 
No. j 

i 

Bry 

matter. 

Grain, 

Water. 

Grain. 

Water rcqiuremerit 
based on — 

! 

Grain. 

Dry matter. 

3:913. 


Grams. 

Grams, 

Kilos. 

Per cen t 

1 


' 137 

189, 0 

64.9 

184. ^ 

34 

2,84s 

978 

Flax, North Dakota, 

128 

154 - 7 

53-0 

143.4 

34 

! 2, 704 

927 

No, 3:55 {Linum 

129 

209,3 

77.2 

210. 6 

37 

2,728 

I, 006 

2isit at i e s i m u m), 

130 

93-0 

23-9 

76-3 

26 

- 3 ? 190 

811 

June 3 to Sept. i 

131 

1 16. 7 

32 - S 

93 - 9 

28 

2, 886 

804 


132 

1S7. 8 

1 63.7 

169. 2 

34 

2, 658 

' 902 

Mean 






2 , 83 S±S 2 

905^25 








SUGAR BEEtS 

The water requirement of the sugar beet was. again measured at Akron 
in 1 9 1 2 . The ratio 321^8 was obtained on the basis of total dry matter 
and 524±23 on the basis of the dry root (Table XI). This is about 15 
per cent below the 1911 value, a reduction in water requirement similar 
to that shown by the other crops tested during the two seasons. The 
sugar beet is an efScient plant in the use of water, teing the equal of the 
corn group in this respect. 


Tabi,B XI . — Water requirement of sugar beets at Akron, Colo., in igi3 


Plant and period of 
growth. 

Pot 

No. 

Dry 

matter. 

Roots. 

Water, j 

Roots. 

Water requirement based 
on— 

Bit,’' roots. 

Total dry 
matter. 

1912./' 

Sugar beet (Beta vul- 
garis), June 9 to 
' Oct. 12... ' 

f 

170 
. 173: . 

172, 

173 ■ 

^ 174 

Grams* 

257*4 

175. 0 
173 * 3 
163.6 
196. 8 

164. 5 

Grams. 

189. 7 
93-6 
100. 0 
107.3 
123. 0 
97-7 

Kilos. 
76. 0 

■ 55 * 7 

49.6 

S 2-5 

68.7 
s 8’9 

Pet cent, 
74 
53 

58 

66 

, ■ ' ^\ 3 ' 

60 

401 

S 95 

49O 

489 

.sss 

603 

m 

■ 3 '^8 

286 

321 

' 349 " 

358 

.Mean 

5243=23 









COtTON 

Cotton was tested at Akron for the first time in 1912. Numerous 
bolls set, though none opened. The plants grew slowly during the first 
part of the season, owing probably to the cool nights. The observed 

water-requirement ratio was 488 ±14 (Table XII), 
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Tabi^S XII . — Water requirement of cotton at Akron, Colo,, in igi2 and igi^ 


Plant and period of growth. 

Pot No. 

Dry 

matter. 

Water. 

Water require- 
ment based 
on dry matter. 

1912. 


Grams , 

KiloS ‘ 



I8I 

38- 9 

19. 2 

494 


182 

32. 0.. 

iS.s 

578 

Cotton, Triumph {Gossypium hirsutum ). 

183 

67. 4 

27, I 

■ 402 

July 19 to Sept. 21 

184 

! 61. 4 

ah . 2 

■ ' 4 S 9 


185 

SI. 6 

25. 2 

' 4S8 


186 

62. 4 

33:. 5 

SOS 

Mean 




488X14 

1913. 

' 163 1 

237* 5 

172.4 

726 


164 

184.3 

1 15. 6 

627 

Cotton, Triumph, May 29 to Sept. 16 

165 

166 

247.4 
249. 6 

166. I 
160. I 

671 

642 


167 

161. 4 

106. 4 

660 


168 

187. 0 

115. 4 ! 

617 

Mean 




"'■'657X11 






The same variety was also included in the 1913 measurements. (PL 
VII, fig. I.) The planting was made earlier, and a much larger growth 
was obtained. Th^ water requirement was 657± ii, or about one-third 
higher than in 1912. In this connection it should be stated that at 
Akron cotton is far north of its natural range, which may have increased 
its relative water requirement. 

CORN AND TEOSINTEJ 

Six varieties of corn {Zea mays) were tested at Akron in 1912 (PL 
VII, fig. 5). Three of these varieties, Northwestern Dent (PL IV, 
fig. i), Iowa Silvermine, and Esperanza, had also been used in the 191 1 
experiments. The three new varieties were furnished by Mr. G. N. 
Collins, of the Bureau of Plant Industry, and represent widely different 
strains. The Hopi variety (PL IV, fig. 2) is grown by the Hopi 
Indians in northwestern New Mexico (Collins, 1914) ; China White is a 
variety from near Shanghai, China; while Taguna was originally from 
the State of Chihuahua, Mexico. The water requirement of each variety 
tested in 1912, based on the production of dry matter, is as follows: 

Variety of' com. ' ■, Water recitiii'eixiimt 

Esperanza.'. ....... .... 239±3:''. 

Northwestern Dent ..... ■. ■ ■28o'±jo 

■; 'Hopi.'.',. . . 285^7 

' , Xa'guna.. . . . . ... 295X6 

/'lowaBilvermine. 302X7 

China White 3 ^ 5 ±7 

The Esperanza, as in 1911, leads all the varieties, so far as efficiency 
in the production of dry matter is concerned, and ranks with the sor- 
60300‘"--I4 2 
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ghums in this respect. The differences exhibited by the remaining varie- 
ties are without significance when the limitations imposed by the probable 
errors are considered, although the quick-maturing Northwestern Dent 
and Hop! varieties appear to be slightly more efficient than the others. 
The detailed data are given in Table XIII. The pollination was not 
adequate to give representative grain yields. 

Five varieties of corn and one of teosinte were included in the 1913 
measurements. The water requirement of each variety, based on the 
production of dry matter, is as follows: 

Variety of corn or teosinte Water reatlxreinent 


Indian Flint com 342 ± S 

Hopi com.. 3 So±S 

Teosinte , Durango 3 90 ± 1 1 

Nortli western Bent corn 3 99 ±12 

Bloody Butcher com 4^5 ±7 

China TOi te corn 4 i 5±4 


The most efficient varieties were the Indian Flint (PI. VI, fig. 5), 
a small variety grown by the Indians of northern Michigan, and the 
Hopi, another dwarf Indian variety. Teosinte, Northwestern Dent corn, 
and Bloody Butcher, a local variety of corn grown near Wray, Colo., 
showed only slight differences. The China White, ag in 1912, proved to 
be the least efficient of all the varieties tested, having a water require- 
ment 20 per cent above that of the Indian varieties. 

In 1912 the water requirement of the Northwestern Dent corn was in 
practical agreement with that of the Hopi, while in 1913 the Hopi gave 
a considerable lower value. The China White required 32 per cent more 
water in 1913 than in 1912; the Northwestern Dent, 42 per cent; and 
the Hopi, 23 per cent. 

The water requirement of certain com hybrids was also measured at 
Akron in 1912 and 1913. The mean water requirement of each strain 
has been included iii' the tables in the summary (Tables XXIX to XXXII). 


TablB XIII.—FFafer requirement of different varieties of corn and teosinte at Akron ^ 

Colo.y in igi 2 a7id igij 


Plant and period of growth,; 

■ Pot 
No.' 

Dry 

matter. 

Grain. 

Water. 

Grain.' 

Water retiuiremont 
based on-““ 

Grain. 

Dry matter. 

' I9I2.' 

North westeru, 

; Deni; ^ . (Zea~ mays), 
June 9 to; Sept., 16',;.:. 

: ''''Mean,'', . 

■'■"277 ■' 

278 

280 

>281: 

282 

Grams, 
299. 0 
344-2 

368.5; 

649, 0 
'440.0 ' 

Gravu. 
18. I 

66, 1 
234-4 

toi, i; 
117. 1 

KUos, 
102. 6 
100.4 
$ : 

161, I 
lii. 2 
126, 1 

■P&f cent. 

■■ 6 
' .''i'6 

'■■18' 

36 

24'., 


''343' 

'292 ', 
286' , ' 

", ;,2'4B' . 

^57 






280:!: TO 
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TablB XIII,— requirement of different varieties of corn and teosmte at Akron ^ 
Colo., inigi2 and xgxs — Contintied 


Plant and period of growth. matter. Grain. Water. Grain. 


Water requirement 
based on — 


Grain. ' Dry matter. 


Com, Iowa Silvermme 
{Zeamays)yJVLTiQ. 8 to 
Sept, 26 


Com, Hopi {Zea mays), 
June 12 to Sept. 26. . 


Corn, Cliina Wliite 
{Zea June 12 

to Sept. 26 ..... 


Com, Laguna {Zea 
mays), July 2 to 
Sept. 26 . 


Com, ■ Esperanza . {Zea 
mays), June 12 to 
Sept. 26 ... 



Grams. 

Grams. 

Kilos. 

283 

396.0 


167.9 

284 

403. 7 


129. 9 


399-7 


133-4 

286 

441 - 5 


129. 6 

287 

477.0 


135-6 

2S8 

437-2 


128. 9 

29s 

433 - 


132. 7 

296 

519-5 


140.3 

297 

S16.8 


131. 1 

298 

415.8 


113. 4 

299 

330-9 


100. 2 

300 

364-7 


III. 3 

265 

243- 5 


84-3 

266 

577 - 0 


184. 6 

267 

319-0 


97.1 

26S 

524. 5 


173-9 

269 

660. 9 


179. 6 

270 

401. 5 


126. I 

289 

376. 6 


1 12. 4 

290 

261. 2 


S3.S 

291 

268. 9 


84. 0 

292 

44S. I 


124. 4 

293 

1 457 - 4 


127. 8 

294 

1 429. 2 


119.4 

301 

492.3 


1143 

302 

574. 7 


133-7 

303 

563-7 


141.7 

■■304.' 

" 5 ^ 0.7 


122. 7 


'Corn, Bloody ■ 'Butcher 

(Zea mays), Jnnt r \ 
toSept., 13.... 


Com, Indian Flint 
{Zea mays), June 7 ■ 
to Aug. 27 


123.4 

114.9 

37 

93 X 

345 

163.3 

130- 5 

41 

800 

328 

161. 7 

120. 6 

42 

746 

317 

loi. 6 

108. 2 

33 

1, 064 

370 


118. 7 

40 

*878 

354 

182. 6 

128. 6 

48 

704 

338 


S54±39 
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TabIvI^ XIII . — Water reqmre?ne?it of different varieties of corn and teosinte at Akron^ 
Colo., in igi2 and jpjj— Continued 


Plant and period of growth. 


1913. 

Corn, Northwestern 
Dent {Zea mays), 
June 7 to Sept. 6 ... . 


Pot 

No. 


Mean. 


Com, Hopi {Zea mays), 
June 14 to Sept. 16. . 


Mean. 


Corn, China White 
{Zea mays), June 7 
to Sept, 16. . . . . . ... 


Mean. 


Teosinte, Durango 
[Enchlaena m e x i - 
cana), June 14 to 
Sept. .16 . . , . . . . . . 


Mean. 


283 

284 

285 
2 86 

257 

258 


3^3 

3M 

315 

316 

317 

318 


Dry- 

matter. 


Grams. 

oSi- 2 
392- 3 
336. 6 
283. 0 
389- 9 
382. o 


Grain. 


Crams. 


346.7 

400. o 
472. 5 
417. I 

405-3 

619. 6 


301 

302 

303 

304 

305 

306 


289 

290 

291 

292 

293 

294 


554-9 

487. s 

492. 6 
589. 2 

478.7 
523- 4 


616, 4 
534. 5 
624. 5 

567*3 

520.0 

421.4 


131. 6 


117- 5 
100. o 


Water. 


Kilos. 

153- 7 
142. 9 
136. 6 
128. 7 
141. 4 
143.4 


118. 8 
135 - S 
170. 2 
147- o 

163.4 

185.4 


228. 2 
210. 4 
202. 3 
228. I 
198.7 
226. 6 


234. 7 
2 1 1. 6 
194. o 
231* 5 
214. 4 
183. 2 


Grain. 


Per cent. 


34 


26 


Water reciuireincn t 
based on — 


Grain. 


Dry matter. 


I, 0S6 


1,203 
1 7 434 

I, 241 it 7 7 


399 ±12 


343 

340 

360 

352 

403 

300 


350 ±B 


41 1 
4,?2 
4II 

3S7 
41 s 


415 ±4 


38O' 

396 

3'o 

408 

412 

435 


: 3 . 90 :t:Xi 


SORGHUM 


The investigation of the water requirement of the sorghmiis (Table 
XIV) is of special interest, owing to the marked efficiency exhibited by 
this group of plants in the use of water. The eight va3.*ieties grown at 
Akron in 1912, together with the water requirement based on the pro- 
'duetion uf :'dry 'mattcr/follow^ 


Variety of sorghum 
'Brown • kaoliang.'^ '. 
'Red. Amber. ...'.I'. 
Minnesota Amber . , 
■Milo .; . . .4 . . , , 
White durra. , 

Blackhulf'kaiir 

Dwaif.milo.',.';t.' . . 
Sudan grass 


Water requirement ■ 
.,.,."22'3±X 

237 ±4 

239 ±'2; 
I. . .:: 249 db: 3 '' 
'. 255 i 3 ,,^ 

i., v,...;;,: 259 :i ::5 

Asti 
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The Brown kaoliang gave the lowest water requirement. Red Amber 
and Minnesota Amber,, forage varieties of sorghum, (PL IV, figs. 4 
and 5) , gave practically the same ratio, which is' but slightly higher than 
Brown kaoliang. ■ 


Table ' KlY. —Water requirement of different sorghums at Akron , Colo ., in igi 2 and ipij 


Plant and period of growth. 

Pot 

No, 

Dry 

matter. 

Grain. 

Water. 

Grain. 

Watet' requirement ' 
based on— 

Grain. 

Dry matter. 

1912. 


Grams. 

Grams. 

Kilos. 

Per cent. 




[253 

400. 5 

43.8 

103, I 

II 

2,351 

258 

Red Amber, S. P. I. 

254 

541 - 7 

41.5 

133- 8 

8 

3 j 22 I 

247 

17 (Andropoqon 

255 

592.0 

58-1 

135* 5 

10 

2,331 

229 

sorghum ), June 9 to 

256 

660.5 

95 * 4 

144.8 

14 

1,518 

219 

Sept. 27 

257 

564.0 

44.3 

135 * I 

8 

37 050 

240 


258 

714.2 

93- 5 

161. 0 

n 

I, 722 

226 

Mean. . 






2, 366 ihi 94 

2574:4 


[247 

666, 6 

272. 6 

151. 2 

41 

554 

227 ' , 

Minnesota Amber, A. 

248 

370. 6 

139*9 

89.6 

38 

645 

. ,,242 , 

D. I. 341-13 { AndrO ‘ 

249 

543*0 

218. 4 

128. 1 

. 40 

5S6 

236 

pogon sorghum ), 

250 

461.3 

168. 1 

no. 6 

37 

658 

240 

June 9 to Sept. 26. . . 

251 

456.6 

195*7 

no, 3 

43 

564 

, ' 242' 


1 252 

425-3 

163-3 

103. 6 

38 

634 

244,;';, 

Mean. .......... 






607 i 15 

239 'it 2 


217 

434. 5 

83. 0 

115*1 

19 

1, 387 

1 265 

Milo, Dwarf, S. P. I. 

218 

370.2 

79-9 

102. 0 

22 

1,276 

' '275 

24970 {Andropogon 

219 

334 * 3 

55 - 3 

90. 6 

17 

1,638 

', 271 

sorghum ), June 9 to 

220 

403 . 7 

78.5 

105. 7 1 

.■19 ! 

I7347 

262 

Sept. 27 

221 

420, 1 


no. 2 

20 

1,304 

' 262 ■ ', 


. 222 

301. 2 

64-5 

91,8 

21 .1 

1,422,, ' ■. ^ 

3°5 

Mean 






I, 3 Q 6 rt ;34 

' 273 ±4 


' 223 

475*4 

60. 0 

12 5. 6 

13 

2, 092 ' ' 

264 

Milo, S. P. I. 24960 

' 224 

440. 4 1 

85-7 

103. 7 

19 

1,210 

235 

{Andropogon sor - 

225 

472. 5 

77-9 

114.5 

17 

1,470 

242 

ghum ), June 9 to 

226 

488.9 

114. 0 

123. 3 

■' ■ ' '23 ■■ 

1,081 

■,■"252 

■ ' Sept. 27 

227 

499 - 9 

II6. 0 

123.0 

23 

I, 060 

246 ', 


i 228 

509*9 

79-6 

128. 8 

16 

I, 618 

.253 

Mean. ......... 






. 1 ,, 422 ±115 

,' 2,49 ±3' 


23 s 

506.9 

138.7, 

129.3 

',.'■'27 

925; ' 

"■ „ 255 ''"..^ 

' Durra, White, ,S.' P. I. 

236 

568.9 

142-7 

.142.. I... 

25: 

996 

;250,, 

24997 (Andropogon 

237 

432. 9 

85.6 

106 , 7 

20 

1,246 

, 247 ' 

sorghum ), June 9 to 

238 

3846 

63. 5 

105. 1 

17 

1,656 

273'. ■' 

' Sept. 26 .'v. . 

239 

406. 2 

78. I 

99. 4 

19 

1,273 

245 'V 


1 240 

449*6 

loS. 6 


■" 24 

1,067 


Mean.'. . . . . 






i,i 94 i 7 S 

: 2 S 5±3 


241 

5S8.9 

144. 8 

134.0 

25 

925 

22S 

Kaoliang, Browm, S. P. 

242 

411. 1 

108. 8 

94. 8 

26 

870 

230 

I. 24993 { Andropo - 

243 

548.9 

^25 - 3 

120. 5 

23 

962 

220 

gon sorghum ), June 

244 

556-0 

126, 0 

123.8 

23 

982 

223 

9 to Sept. 26 

245 

526.0 

171. 0 

n6. 8 

33 

683 

222 


246 

571-8 

108. 7 

123.9 

19 

1,140 

217 







927 i 3 S 

223±I 
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Tabi^Iv XIV. — IVakr requirement of different sorghums at Ahronf Colo.., in xgi 3 and 

ipij — Continued 


Plant and period of growth. 


1912. 

Kafir, Blac'kliiill, 
S. F.' I. 24975 
d rop 0 go n sorghum ) , 
June g to Sept. 27 


Mean. 


Sudan grass, S. F. I, 

, 25017 {A-ndropogon 
sorghum' mihiopicus)^ 
first crop, May 28 to 
July 26........ 


Mean. 


Pot 

No, 


229 

230 

231 

232 

233 

234 


211 

212 

213 

214 
2 X 5 
216 


Dry 

matter. 


Grams. 

247- O 

409. I 

494 - 5 
413.0 

363- 3 

377 - I 


190. 6 
209. 4 
181. 8 
205. 8 
215.9 
222. 6 


■ Sudan grass, S. P. I. 
,25'Oi7, second crop, 
July 26 to Sept. 6... 


Mean. 


Sudan. grass, S. P. I. 
25017, ' : combined 
crop, , ' May 28,-'to 
Sept, 6 ..:......,.'. . ... 


■ .Mean. .. . . . 
X913. ■ ',' , 

■ '.Sorghum , ' , .Minnesota 

'■■,, '.Amber, , A.. 

,, ,34i'“i3 {Andropogon 

' [sorghum), June 14 to 


211 

212 

213 

214 

215 

216 


211 

212 

213 

214 

215 

216 


■'Mean." 


.'Sorghum'., ,P.e.d Ainb,ef, 
S. P. 1 . 17543 {An- 

■ ■■ dropogon sorghum), 

June 7 to Sept, '1.5'., ■;, 


''M'e'an.'. 


2.65 

266 

267', 

268 

269 

270 


106. 7 
94. o 
95-6 
106. 5 
91. o 
88. o 


297-3 

303-4 

277.4 

312.3 
306. 9 
310. 6 


■277. 

278 

■'■,279' 

280 

,,'281 

282 


557-8 

585- o 

591.8 

677- 5 

577-9 
643. o 


Grain. 


Grams. 


Water. 


Kilos. 
72. I 
108. 4 
II9.3 
loi. 8 
91.9 
97*4 


60. 8 

65.8 
59-4 
63. 4 

63.8 

68,6 


46. I 

43. 5 

44. 6 

45. 9 

42. 9 

43. o 


689. 7 
670. 7 
636. 2 
644, 1 
682.3 
749 - 7 


213.0 
256. 9 
235 - 4 
263. o 
204, o 

150.7 


209. 4 
igo. <5 
160. 2 

x 65 *^ 

187. 4 
187.8 


106. 9 
109.3 
104. o 
X09.3 
106. 7 

III. 6 


164. 5 
181. 4 
177. 4 
203. 1 
167. 5 
189.7 


200. 5 
196. o 
187.9 

193- 9 

200. 5 

225, 2 


Grain. 


Per cent. 


Water req'uirenieiit 
based on — 


Grain. Bry matter. 


38 

44 

40 

39 
35 

23 


30 

28 

25 

26 

23 

25 


.772 

706 

7S4 

773 

82,1 


'76.5^12'. 


958 
1, 028 
1, 172 
1,170 
1,070 

h X99 


X7XOO±3 i';: 


292 

265 

241 

246 

253 

258 


259i5 


319 

3x4 

326 

308 

296 

308 


3x2 ±3 


432 

463 

467 

43X 

472 

489 


459^7 


359 

360 

375 

350 

348 

360 


.'359:b2 


m 

310 

299 

30X 

290 

■29s 


29Si2 


291 

"292' 

29 ' 5 '^ 

30X 

294,. 

■301 


:2'9'<Sd:i 
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Water Requirement of Plants 


The least efficient variety .tested in the sorghum group is' Sudan grass 
(PL Vj fig* i), a forage plant which has recently received consider- 
able attention in the southern Great Plains. Only one year’s meas- 
urements are available for Sudan grass, but the results so far indicate 
that it is not the equal of other well-known varieties of sorghum in 
efficiency in the use of water. Sudan grass required 40 per cent more 
water than Brown kaoliang for the production of the first crop. 
The second crop was light at Akron and had a much higher water require- 
ment. On the basis of the two cuttings combined, the water require- 
ment of Sudan grass was 62 per cent higher than Brown kaoliang. As a 
forage crop, however, the shorter and more slender stalks of Sudan grass 
may offset the disadvantage of its higher water requirement. 

In the production of grain the Minnesota Amber ^ variety gave the 
lowest water requirement ratio so far recorded for a sorghum crop, viz, 
6 o7±i 5. The Minnesota Amber produced a pound of grain at Akron 
in 1912 with less water than was required by alfalfa in the production of 
a pound of hay. The high water requirement for grain production in 
Red Amber sorghum, Dwarf milo, milo, and White durra (PI. IV, 
%• 3) largely due to an attack of aphids, which caused many of the 
flowers to fail to produce seed. The parasites were killed by spraying 
early enough to prevent any serious reduction in total growth. 

The 1913 water requirement measurements of sorghum were confined 
to two varieties, Red Amber and Minnesota Amber, both of which were 
included in the 1912 measurements. The two varieties gave in 19x3 
practically identical water-requirement ratios— namely, 296^1 and 
298 ±2. The results from individual pots were in excellent agreement 
as indicated by the small probable error. A similar agreement was 
observed in 1912. Each variety in 1913 showed an increase of 25 per 
cent in the water requirement as compared with 1912. 

A series of water- requirement measurements were made at Amarillo, 
Tex., in 1913, for the purpose of determining the influence of cHmatiG 
environment on the water requirement These measurements also 
included a number of sorghum varieties, the water requirement Of which 
had never before been determined. Plants have a higher water require- 
ment at Amarillo than at Akron, so that measurements of different 
plants,; 'at ' the', two'; stations'' are' not ■ directly coinparable.: The'''' w 
requirement of Red Amber and Minnesota Amber sorghum was meas- 
ured at both stations in 1913, and the ratio of these measurements affords 
a means for reducing the Amarillo values to the basis of the Akron meas- 
urements. The mean water requirement of these two varieties at Akron 
was 85 per cent of that at Amarillo. The Amarillo water-requirement 
measurements as given in Table XVI have been reduced accordingly 


^ This variety was represented by a strain selected for its drought resistance by Mr. A. C. Dilhnan, of the 
Office of Alkali and Drought Resistant Plant Investigations. 
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for comparisoii with the Akron. measurements. .The computed values 
for Akron are given in Table XV. 

TablS XV . — Observed water requirement of varieties of sorghum^ at Amarillo, Tex*, and 
computed water requirement for Akron, Colo., in jprj 


1 

. 

Variety. ' 

Observed 

water 

requirement 
at Amarillo. 

■ Computed 
water 

requirement 
for Akron, 

Dwarf Biackhtill kafir 

33S±3 

349 ±4 

3S6±iS 
373±3 ■ 

378±S 
38o±4 

28s±3 

297 ±4 

302 ±13 
3i7±3 
32i±S 
323±4 

White kafir 

Barly Blackhull kafir 

White milo. 

Kafir X hurra 

Beterita. 



Itwill be noted (Table XV) that Dwarf Blackhull kafir and Minnesota 
Amber sorghum were the most efficient in the use of water of the eight 
varieties of sorghum tested at Amarillo in 1913. The least efficient was 
feterita. The kafir X durra hybrid had practically the same water 
requirement as feterita. The latter has been extensively featured 
recently as a drought-resistant crop particularly adapted to the South- 
west. It does not appear, however, that its drought-resistant qualities 
are ascribable to an efficiency in the use of water, this variety being the 
highest in winter requirement of all the sorghums tested at Amarillo in 
1913. Vinall and Ball (1913, p. 27) have suggested that the success of 
feterita during recent dry years has been due to a thin stand resulting 
in part from poor germination. When grown under identical conditions 
as to stand, it showed no greater drought resistance than milo or kafir. 


Tabi:^ XVI, — Water requirement of sorghimi at Amarillo, Tex., in igij 


Plant and period of growth. 

Pot 
' No. 

Dry 

matter. 

Grain. 

Water. 

■Grain. 

W ater rcciii 
based < 

Grain. 

irement 

I'l— 

Dry matter. 



Grams. 

Gravis. 

Kilos* 

Per ceni. 




43 

717* 4.. 

159-3 

267. 8 

23 

I, 680 


Sorghum, Red Amber, .' 

44 

dSa. 2 

137-9 

262. 4 

20 

I, 904 

3S5 

S. P. I. I7S43 (An- 

45 

723.6 

205. 9 

268. 0 

28 

1,302 

^71 ■ 

dropogon ■ ■ sorghum), 

46 

701.9 

I17. 4 

256. 2 

17 

2, 182 

36c; 

; May 15^0 Aug.. 20. . . 

47 

741- 3 

197. 0 

270. 7 

27 

h 374 

3^5 


4S 

768. 7 

208. 7 

272. 9 

, 27 

1,306 

355 ; 

■ ' .Mean. 







■' ' 







X , UZ5 -C 3- J. 2 

309 ±3 

' 'Sorghum, V'. ■ ..M.mnesota,' 

' ■ 49 " 

S90-2 

233.2 

196. 2 

39 

841 

332 

" ,;Am,'ber, A..D. 1.341- 


588.3 

?95.4 

196, 6 

' '/'S'O : 

■"■■"'■.'666 : ,„■■' 

334 ■," 

i^fAMropOgon sm~'\ 

51';; 

612. 7 

291. 9 

t 99 ‘ 7 

48 

68s. 


gkum ) j ,. May''"i5' ''to . 

52 

646. 0 

308.9 

208. 1 

48 

674 

322 

Aug. 8. . ... 

53 

577- 1 

264- 5 

201. 0 

46 

760 

348 


54 

649-5 

288.9 

211. 1 

44 

731 

/;,''■ 3=25/,:;:/' 







A t 

;;': 33 i± 3 ;'; 







72o±i9 
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Table XVI . — Water requirement of sorghum at Amarillo, Tex., in ipij — Continued 








Water requirement 


Pot 

No. 

Dry- 

matter. 




based on — 

Plant and period of growth. 

Grain. 

Water. 

Grain. 






Grain. 

Dry matter. 


61 

Grams. 

Grams. 

Kilos. 

Per cent. 



464-5 

80. 4 

173*5 

17 

2, 159 

374 

Milo, White, C. I. 365 

62 

481. I 

107.3 

166. 3 

22 

1,55° 

346 

(Andropogon sor~ 

63 

453-° 

75-6 

171,9 

17 

2,272 

380 

ghum), June 7 to 
Attg. 22 

64 

65 

470.0 

449-3 

108. 4 
79-6 

176.4 

170.9 

23 

18 

1,626 

2, 148 ■ 

375 

380 



66 

471. I 

112. 2 

179.6 

24 

I, 601 

381 

Mean..., 






1,893*113 

373 ±3 








67 

587-4 

182. 7 

198. 6 

33 

1, 087 

338 

Kafir, Early Black- 

68 

577-8 

178.6 

207.3 

33 

I, 160 

359 

hull, C. I, 472 {An- 

69 

599- 4 

235-7 

197.6 

39 

839 

330 

dropogon sorghum), 

70 

530-6 

193*4 

169. 8 


878 

320 

June II to Sept 16. . 

71 

440. 2 

220. 2 

206. 9 

5^ 

940 

470,, 


72 

603.4 

199.8 

192. 1 

33 

962 

319 

Mean 






978±37 

356^15 







Kafir, Dwarf Black- 

73 

592-5 

254.0 

190. 8 

43 

752 

322'/' 

74 

621, 6 

276. I 

200. 0 

44 

724 

322 ' 

hull, C. I. 340 {An- 

< 75 

562-7 

205,2 

193*5 

36 

934 

340 

dropogon sorghum), 
June II to Sept. 16. . 

76 

586.7 

260. 0 

397*9 

44 

761 

337 

77 

544-8 

195. 6 

191. 7 

36 

980 

V:352 


78 

559- 3 

3:52. 7 

187,0 

27 

1,223 

334 

Mean. 






896*57 

335 ±3 








79 

555-3 

185. 9 

201. 7 ^ 

33 

1,086 ' 

363 

Kafir, White, C. I. 370 

80 

546.2 

106. 4 

200. 1 

19 

0^1,882 

366 

{Andropogon sor- 

81 

571-8 

210. 8 

198. 5 

37 

942 

347 

ghum), June II to 

' 82 

5 84. 2 

248. 7 

198. 0 

"■ 43. 

796 

339 

Sept. 22. ............ 

S3 

1 84 

569. 6 
579-6 

221. 0 

394.3 
195, 9 

39 

39 

879 

S58 

341 

33S 


228, 3 

Mean. ........ . 






9I2±34 

.' '349*4' 








f 85 

552-0 

226. 5 

200. 1 

■■ 41' " 

884 

363 

Kafir X durra, ' 'hybrid 

86 

538.4 

215*3 

193. I 

40 

898 

358 

198-15-3 {Andropo- 

1 87 

539- 7 

217. 6 

399. 1 

40 

916 

369 

gon sorghum) 1 1 

to Sept. 22.'. . .... . 

88 

89 

515- 0 

510. 7 

206. 6 

3:79* 5 

394. 7 
197* I 

40 

;'3S; 

942' 

I, 098 

378 

386 


■' ' '■ 

90 

471- 5 

158. I 

194, 0 

'' ' 23.: 

I, 2'26 ' 

"■ 41 X 

■ Mean.'. 






''994±'42; 

: 378*5 








r 91 

547.8 

181. 3 

212. I 

" ' 33 

1, 170 

387 ■ 

Feterita, C. I. 182 {An- 
dropogon sorghum) 
June II to Sept. 18. . 

92 

93 

94 

95 

585- 4 

619. 3 
531*3: 
562.8 

235-8 
256. 9 
210- 9 
210, 2 

216. 0 
226. 9 
206. 1 
208.5 

, ' .40 

' 41 

37 

916 

/' 884 ' 

. 919 v' 

,'9'92':'' 

369 

366 

388 

370 


1 96 

512.0 

3 

203. 8 

37 

1,064 ; 

398 

Mean' ' " . ■ .. 






/' I', 001 ±'29'' 

380*4 








o Omitted ia computing the mean. 
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MILLBT and proso 

These plants are remarkable in that they outrank all others so far 
tested as regards efficiency in the use of water (Table XVII). The four 
varieties grown at Akron in 1912 gave the following water requirement, 
based on the production of dry matter: 

.Varietyof millet or proso ■ Water rcquiremeiiit 

Kursk millet xSyia , 

Vofonezli proso 206 Jii 

Tambov proso 2o8i:X 

German millet. 248dz 7 

Kursk millet (Pi. V, %. 3) represented by a strain developed by 
Mr. ik. C. Dillman, of the Office of Alkali and Drought Resistant Plant 
Investigations, gave the lowest water requirement so far recorded for 
any crop at Akron. The two prosos, Tambov and Voronezh (PL V, 
fig. 2), have a water requirement about 10 per cent higher than the 
Kursk, while German millet is 33 per cent higher than the Kursk. Aside 
from the German millet, all of the varieties tested have a water require- 
ment distinctly below the best of the sorghums, the group ranking nesct 
'in efficiency.. 

-—Water requirement of different millets and prdsos at Akron, Colo., in 


Pot 

No.' 

Dry 

matter. 

Grain. 

V.^ater. 


Grams. 

Grams. 

Kilos. 

205 

190. 7 

66. I 

36- 7 

206 

320. 0 

119. I 

58 - 9 

207 

241. 7 

102. 6 

44. I 

208 

192- s 

78.4 

36 . 1 

209 

178. 9 

66.5 

32. 6 

[ 210 

332. 6 

139-3 

65. 0 

1S7 

1 15. I 


27-3 

iSS 

202. 6 


46. 7 

189 

140. 0 


33 - 9 

190 

350-3 


82. 4 

191 

92.5 


■ 22, 4 

. 192 

80. 5 


24. 2 

'193 

2 SS -3 

, i i x. 0 

^ .34, 8 

194 

342. 9 

162. 4 

68.0 

: ^95 

190, 0 

80. 7 

39 - 7 

196 

3 I 7-6 

140. 2 

66.5 

197 

336-2 

142. 8 

70. 1 

. X98 

282. 7 

1 12. 6 

58.9 






Plant ..and, period of gro’wth. 


1912. ' 

Millet, Kursk, S. P. . 1 . 
34771 {Chaeiochloa 
italica), June '' 9 to 
'VAug. 20 


Mean. 


Millet, German, S. P.. I.. 

2,6845;, (Chaeiochloa 
' iiaiica), ' .July 2.' to.' 

.. .;Sept. 23.. . A... 


"Mean. 


Proso, .Tambo'v,, S.,'T>.' 
366, Akron, 

; (Panicum miUaceum),: 
June '8' to' Aug. 12 . a, " 




Grain. 


Percent. 

35 

37 

42 

41 

• 37 ' 

42 


43 

47 

■42 

".M': 

43 

40 


Water requirement 
based on-— 


Grain. 


555 ' 

494 

430 

461 

490 

467 


483^11 


494 

419 

492 

474 

491 

: 523 '.'. 


482 ±9 


Dry matter. 


192 

1.84 

182 

188 

182 

^95 


iSyia' 


,237 
23 X 
■242 

',23 s 

242 

301 


;24$±7 


"2J4, 

49 ^ 

• 209 
209 •' 
208' „ 

20 S±I 



Oct, 15, 1914 


PFato' Reauirement of Plants 



TabIvB XVI I . — Water requirement of different millets and prosos at Akron, Colo., in 

ipi2 and igi3~ContinuQ.d 


1 

, ! 

Plant and period of growth, 

Pot 

No. 

Dry 

matter. 

Grain. 

Water. 

Grain. 

Water requirement 
based on— 

Grain. Dry matter. ■ 

1912. 


Grains. 

Grams- 

Kilos, 

Per cent. 




199 

23S. 7 

1 14. 2 

48- 9 

4S 

428 

205 

Proso, Voronezh, C. L 

200 

j 296. I 

143 - 7 

61. 2 

48 

426 

207 

16 (Panicum milia- 

201 

281. 9 

I 3 S- 6 

56.8 

4S 

419 

201 

ceum ) , June 5 to Aug . 

202 

298. 5 

149 ' 5 

59' 9 

50 

401 

201 

20 

203 

256. I 

119. 4 

53*7 

47 

45 ° 

210 


1 204 

: 273. 0 

133 ' 2 

1 57-0 

49 

428 

209 

Mean 






42 S ±4 

2o6i:i 

1913- 









' 259 

; 174.8 

37 - I 

48.9 

21 

1,318 

; 280 

Kursk, S. P. I. 34771 

260 

1 281. 7 

76. I 

80. 7 

27 

1, 060 

1 286 

(Chaetochloa iialica), 

261 

175 - 4 

1 71. 6 

50- s 

41 

i ' 705 . ' 

''288 

June 14 to Aug. 26 . . 

262 

^83.3 

: 31-9 

SI - 3 

i ■ 17 


280' ■ ' 


263 

250. 6 

33' 4 

66.3 



:■ '265': 


. 264 

201. 8 

740 

63- s 

37 

00 

ro 

CO 

,■315 ^ 

Mean..,..,. 







286±4 


In grain production the millets make a reinarkable showing, the 
prosos leading in this respect. Measurements of the water require- 
ment of the three varieties, based on grain production, gave the follow- 
ing results: 

Variety of millet or proso Water requirement 


Voronezh proso 425 ±4 

Tambov proso. .. .. ................. 482^9 

ICur.sk millet. 483±ii 


Voronezh proso, according to these figures, is able to produce nearly 
2 pounds of grain with the water required for the production of i pound 
of alfalfa hay. 

Kursk millet was also included in the 1913 measurements. Its water 
requirement was 286±4, or 53 per cent higher than in 1912. Many of 
the plants were broken by a high wind shortly before harvest, which 
greatly reduced the grain yield. The mean water requirement, based on 
grain production, has consequently been omitted. 

LEGUMES 

The legumes tested at Akron in 1912 included sweet clover, chick-pea, 
and two strains of Grimm alfalfa, one being a selected strain (Pl.V, 
figs. 4 and 5) developed by Mr. A. C. Dillman. Both the alfalfa and 
the sweet clover showed a marked reduction in water requirement 
compared with the results obtained in 1911. Three cuttings were made 
in the case of each crop, but the plants were not mature at the time 
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the last cutting was made. The following values (Table XVIII) were 
obtained for the water-requirement ratio : 


Table) XVIII. — Summary of water-requirement measurements of legumes at Akron ^ 

Colo., in igi2 



Cutting:. 

Crop, 

First. 

Second. 

Third. 

Combined. 

Alfalfa, Grimm .... — ■ 

Alfalfa, Grimm, A- D. I. selection ...... 

Clover, sweet 

Chick-pea . . 

592 ±13 
6oo±i7 

547 ±12 

790±io 
853 ±13 
677 ±i 4 

5 o 6 ±S 

42I±IO 

598^:18 

659±6 

6 s 7 ±ii 

638^4 

5 io±i 4 


The two alfalfas and the sweet clover were planted on the same day, 
and the crops in each instance were all cut on the same day, so that the 
results in the Table XVIII are comparable. The A. D. I, strain of 
Grimm alfalfa gave a slightly higher ratio than the unselected Grimm 
during the second period, but lower during the third period, when it made 
a better growth. (See ‘'Dry matter,’’ column 3, Table XIX.) Sweet 
clover, as in 1911, proved somewhat more efficient than alfalfa during 
the first and second periods. During the third period sweet clover was 
less efficient than alfalfa. 

The chick-pea proved the most efficient of the legumes tested. Its 
growth period does not coincide with that of the other legumes, but 
approximates a combination of the first and second periods. (See Table 
XIX.) It thus appears to be distinctly more efficient in the use of water 
than either alfalfa or sweet clover. Chick-pea has, however, a relatively 
high water requirement compared with the small grain crops, which is in 
accord with Xeather’s measurements (Leather, 1910, p. 156). 
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TabIvEJ XIX.—PFafef requirement of different legumes at Akron, Colo in igj2 — Contd. 


Plant and period of growth. 


1912. 

Alfalfa, Grimm, third 
crop, Sept. 6 to Nov. 

4. . - 


Mean. 


Alfalfa, Grimm, com- 
bined crop, May 23 
to Nov. 4 


Mean. 


Alfalfa, Grimm A. D. I. 
35-23-20-52, first 
crop, May 24 to July 
26 


Mean. 


Alfalfa, Grimm, second 
crop, July 26 to 
Sept 6. 


Mean. 


Alfalfa, Grimm, third 
crop, Sept, 6 to Nov. 
4-.. > ... 


Mean. 


Alfalfa, Grimm, '/com- 
bined crop, May 24 
to'/Nov. 4.'.. 


.Mean. 


' .Clover,. sweet, S. 'P. I.. • 
2i2x6{MeUlotusalba) 
'/ first crop, May. 23 .to 
July 26 


Mean. . . 


Pot 

No. 


127 

128 

129 

130 

1^2 


127 

128 

129 

130 

132 


133 

134 

^35 

136 

137 

138 


133 

134 

135 

136 

137 

138 


133 

^34 

13s 

136 

137 
^38 


h 33 . 

134 

135 

136 

137 

138 


121 

122 

123 

124 

125 


Bit 

matter. 


Grams, 

68,2 

65-7 

59-9 

51-9 

48. 2 
60. 2 


319-7 

296. 7 

330-4 

301. 1 
291. 8 

385-3 


131.6 

121. 4 
141, o 
140. 6 

141.4 

1 18. o 


131 - 7 
no. o 
138.6 

3:33-3 

135-2 

120. 2 


73-7 
64.7 
80. 7 
82. o 
83-8 
79- 5 


337' o 
296. 1 
359- 6 
355-9 
360.4 

317-7 


108. 2 
61. 5 

64.4 

69.5 
137.0 


Grain. 


Gra7Jts. 


W ater. 


Kilos. 

36- 5 
32-4 

29. 6 
26. 9 
24. 4 

29-3 


209. 2 
206. 7 
216. 5 
200. 5 
1S4. 4 
230. 1 


89. 6 

73-9 
82. 4 
72. 5 
79-8 
76.6 


118.8 
93- o 
112. 4 
115. 8 
108. 1 
107.4 


35*4 
28. I 

32-4 

32. o 

36- 1 
31* X 


243. 8 
195.0 
227. 2 
220. 3 
224. 4 
215. I 


61, 4 

36.8 

33-6 

37-7 
6k 9 


Grain. 


Per cent. 


Water requirement 
based on — 


Grain. Dry matter. 


536' 

493 

494 

518 

506 

487 


50641 5 


654 

697 

656 

666 

632 

649 


659^:6 


680 

609 

584 

5x6 : 

564," 

649 

6oo±i7 


902 

845 

810 

870 

800 

893 

S53±i3 




479 

434 

401 

390 

43^ ^ 

391 .' ; 

42 1, ±10 


724: 

65s 

"632; 

';62:o,' 

627 

.678; 


::657ixi' . 


568 

598 

522 

542 

503 
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Tabi.B XIX.— I'Fater requirement of dif event Ugumes at Akron, Colo., in ipza— Coiitd. 


Plant and period of growth. 


1912. 

Clover, sweet, second 
crop, July 26 to Sept. 
6 ,' ■ . . . 


Pot 

No. 


Mean. 


Clover,' 'sweet, third 
crop, Sept. 6 to Nov. 
y..,..',......... ..... 


Mean,, 


Clover, sweet, com- 
bined cropj .May '■2$. 
' to, 'Nov. 7. 


Mean. 


Chick-pea, S. P. I. 
24322 {Cicer arieii- 
num ) , June 3 to Aug. 
" 30.... 


Mean. 


121 

122 

123 

124 

125 


157 

158 
m 

160 

161 

162 


Dry 

matter. 


Grams. 

155 * 3 
3 E 30-5 
103.8 
143-9 
149-0 


23-9 
19.4 
15-3 
14. 8 


287. 4 
2ii. 4 
183. 5 
228.3 


239.9 

275-5 

238.3 
181. 1 
272. o 
227. o 


Grain. 


Grams. 


97, o 
126.3 
85.0 

47. 2 

120, I 

104. 5 


Water. 


Kilos. 
111 . 6 
87-5 

74-7 

94-5 

92-3 


Per cent. 


12.5 
12. o 
9-3 
9-5 


185- 5 

136.3 

Ilf. 6 

141.7 


138. o 

129. 1 

127. 1 
96. o 

129.4 
108, 6 


Grain. 


40 

46 

36 

26 

44 

46 


Water requiremei,it 
based on-*— 


Grain. 


1)423 

I, 022 

1)495 

2,032 

1,077 

1)039 


1, 348^114 


Dry matter. 


719 
670 

720 

657 

620 


677 ±i 4 


c;22 

619 

608 

642 


5,98 ±18 


64s 

645 

641 

621 


638±4 


576 

469 

S33 

53° 

476 

478 


5 iodzi 4 


A number of different legumes were included in the 1913 water- 
requirement measurements at Akron (Table XX). On the basis of dry 
matter produced, the results obtained are as follows : 


Kind of legume Water requirement 

.Gowp'ea. 571^3 

Soybean.,.' '' ; .... .672^9 

Navy bean ....... 682'±4 

Peruvian alfaha ..... : 6 ± 12 

Hairy vetch. ggoiS 

Morse,' bean, S. P. I, ,25645, ....... 772±ii 

',Mexican bean . ........... . ' 773 ±,,8 

,Canada pea. . . 775^5' 

Horse bean, S. P.,,I. ,15429, . . . : . . . . ySodbig 

Red clover .... .... ..... "789^9',' .,' 

Crimson clover. . ... .■. . . ... , .... 8o5.zfc8,' 

,;Wild;soy;,bean. ,",'8i5i'a'5.' 
Gnmm>lfalfa,_V.'., v,.'. ''834^8, 
i>urpie:vetch.. 
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Cowpea (Pi. VI, fig. i) was the most efficient of the cultivated 
legumes. The least efficient was purple vetch. The water requirement 
of the first crop of hairy vetch ,(PL VI, fig. 2) was 9 per cent , less than 
for purple vetch, the period of growth being the same for both varie- 
ties, Some of the pots of hairy vetch produced a good second growth, 
but none of the pots of purple vetch were able to survive the first cutting. 
The water requirement of the combined crops of hairy vetch was 690^:8, 
or about three-fourths that of purple vetch. Of the soy beans (PL 
VI, fig. 3) the wild required 21 per cent more water than the cultivated 
variety, which in turn required 18 per cent more water than cowpea. 
(See Table XX.) 

TABrn XX . — Water requirement of legumes at Akron, Colo., in Ipij 


Plant and period of growth. 


1913 - 


Alfalfa, Grimm, K~23~ 
20-52 (Medicago sa- 
fwo), first crop, June 
7 to July 18 


Mean. 


Alfalfa, Grimm, second 
crop, July 18 to Aug. 
'26. 


^Mean. 


Alfalfa, Grimm, third 
crop , Aug . 26 to Oct. 
; ■23..,.. 


Pot 

No. 

Dry 

matter. 

Grain. 

W^ater. 


Grams. 

Grams. 

Kilos. 

55 

120. 8 


104. I 

56 

no. 0 


91.7 

57 

99.0 


72.3 

S 8 

114. 8 


89.8 

59 

114.9 


94.0 

60 

no. 5 


86.9 

61 

98. 0 


80. 8 

62 

104.5 


79-5 

63 

104. 7 


87. 1 

64 

97-5 


84. 8 

65 

96-5 


73-7 

66 

117. 6 


92. I 

55 

115.8 


106. 7 

S6 

106. 4 


95*7 

57 

58 

loS, 7 
114. 8 


89.7 

96-3 

59 

lOI. I 


95- 1 

60 

95- 8 


84.4 

6 x 

102, 7 


88. 9 

62 

104. 1 


9I' 9 

63 

114. 0 


98. 2 

64 

85.7 


80.3 

6 S 

98. 9 


86. 1 

.66 

109. 6 


89. 1 

■ . 55 

89.3 


77-5 

56 

82. 2 


70.4 

■: ' 57 . 

73-8 


'SS-Sv 

58 

76.6 


59 - P 

59 

Si. 9 


70-4 

60 

79-3 


63.0 

61 

85- 5 


63-3 

62 

76- 5 


60. 4 

63 

88.9 


76.8 

64 

66. 9 


56-4 


7^-3 


61. 7 

[ 66 

87.6 


70,7 



■ 



Grain. 


Per cent 



W'ater requirement 
based on — 


Grain. 


Dry matter. 


862 

834 

730 


7S2 ' ' 

81S 

786 

824 

760 

832 

870 

764 

_7^ 

8o4zf:9 


922 

900 

825 

838 


940 
881 
866 
882, 
86 1 


■ 937 : 


871 


:$12 

llMl 

'■868 L "' 


,85'6" 
752 : 
;'77r 
S60 


794 

740 

790 

864 

S43 

866 

807 


:8i8±ii 


Mean. 
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Table XU— Water rcquireMient of legumes at Akron, Colo., in rpij— Continued 


Plant and period of growth. 


1913. 


Alfalfa, Grimm, com- 
bined cro|), June 5 to 
Oct.' 23 


Pot 

No. 


Mean. 


Alfalfa, Peruvian, S. 
P. I. 30203 { Medi - 
cago saiiva)j first 
crop, June 7 to July 
■ ,19;..............,,.,:.. 


Mean; 


53 

5 ^ 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 


Dry 

matter. 


97 

98 

99 

100 

101 

102 


Gratiis, 

325* 9 
29A 6 
281. 5 

306. 2 
297.9 
283. 6 
286. 2 
285. I 

307. 6 
250. 1 
266, 7 
314-8 


Grain. 


Grams. 


41- 5 
70.3 
66. o 
45 G 
78. 8 

87.9 


Alfalfa, Peruvian, sec- 
ond crop, July 19 to 
Aug. 26. ...... 


Mean. 


.Alfalfa, Peruvian, third 
: crop, Aug. 26 to Oct. ■ 


Mean. 


"'.■.Alfalfa, Peruvian, com- 
'■ bined, crop, June 7 
;. to,. Oct, 23'.. 


Mean. 


Clover,". red, S." P. , I.' 
$48tg '{Trifolium re- 
first crop, June '. 

stojttiy 19- 


Mean. 


97 

98 

99 

100 

101 

102 


97 

98 

99 

ICO 

1 01 

102 


97 

98 

99 
100 
102 


1G3 

104 

105 

106 
■t.07' 
108 


62.0 
104. 5 

91.4 
69. 9 

88.4 

102. 3 


99.2 
85. o 

74.5 

(a) 

108. 9 


167. I 
274.0 

242.4 

159.4 
299, I 


99* 7 
71, o 
89, 6 
92. 6 
116. 3 
112. 8 


W ater. 


Kilos. 

288. 3 
2S7- 8 
217- 5 


Per cent. 


245. 2 
259- S 
234-3 
233-0 
231. 8 

262. I 

221. 5 

221 . K 

251.9 


26.3 

45. 5 
38-9 
27-3 

54-8 

64.4 


42. 5 
73-3 
^ 3 - 9 
47. o 

69- 5 

82,5 


39-9 
55- 5 
49-9 
42. 6 
58.8 

69-3 


Grain. 


108. 7 
174,3 
152. 7 
ir6. 9 
216. 2 


73* I 
$6. o 
60,3 
63. 6 
82. o 
81. T 


W ater rcqi.i,ircnient 
based on— 


Grain. 


Dry matter. 


8S6 

864 

773 

801 

871 

821 

814 

813 

853 

886 

S31 

800 


834 ±8 


634 

648 

■590'. ■; 

606 

695 

733 

651^:16 


68 5 
701 
699 
672 
786 
806 


725±i8 


627 

559 

5»7 

.572 


636 


59 ^g 1 ;:I 3 


650 
636 
630 

6i8' 

m 

651 ±12 


733 

789 

673 

687 

.7.05' 

7^9 


7 18 in 


® Missing, 
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Tabi^B ^'X.—Water requirement of legumes ai Ahr on, Colo., in IQIJ — ■Contintied 


Plant and period of growth. 


1913. ‘ 

Clover, red, second 
crop, July 19 to 
Aug. 26. , 


Mean. 


Clover, red, third 
crop, Aug. 26 to 
Oct. 22 


Mean. 


Clover, red, combined 
crop, June 5 to Oct. 


Mean. 


Pot 

No. 


Dry 

matter. 


103 

104 

106 

107 

108 


103 

104- 

106 

107 

108 


Grams. 
62. 7 
66. o 

39- 5 
62. 8 

52. 5 

46. 6 


103 

104 

105 

106 

107 

108 


Clover, crimson, S. P. I. 
3 3 742 ( T rif 0 Hum in- 
carnatum), June 5 to 
Aug. 26. 


Mean. 


Vetch, haity, S. P. I. 
34298 ( Vida villosa), 
first crop, May 29 to 
July 18. ...... 


Mean, 


Vetch,, hairy, ,se,cond 
crop , July 18 to Oct. 
22. . . . . ' 


Mean. 


Vetch, ' , hairy,' „ com- 
, "'bined crop,' June. 5,: 
to Oct. 22 


Mean. 


109 

no 

in 

112 

113 

114 


181 

182 

183 

184 

185 

186 


13. 6 

18.3 
9- 7 

8.5 

37* 7 
10. 4 


176. o 
155-3 
138.8 
163. 9 
206. 5 
169. 8 


191. 3 
169. 2 
186. 2 

146. 7 

109. 8 
no. 2 


119. 4 

97-8 
98. 1 

1 3:4 - 5 
12 1. 9 
126. 2 


114. 8 
148. 4 
155- 7 
13X. 7 


Grain. 


Grams. 


234. 2 
262. 9 
277. 6 
251.9 


Water. 


Kilos. 
53-9 
53-0 
36. o 
53-9 

45-7 

44.4 


17. o 

17.4 

10. 7 
9.0 
26. o 
12. 9 


144. O 
126. 4 
107. 0 
126. 5 
153- 7 
138.4 


160. 8 
13 1, o 

150.5 

118. 1 
84.9 

91. o 


93-3 

76.9 

95- 9 
99.6 

98-9 

106. 9 


61. 7 
80. 1 
92. 6 
74-7 


{ Water reauiremsiit 
I . based on— 


Grain. 


Grain . i D ly'- matter. 


Per cent. 


155,0 
179. 7 
I91, 5 
181. 6 


250 

952 

103 

1, 058 
689 
040 


i,oi 5 ± 49 ' 


860 

803 

911 

858 

870 

953 


876±I4 


818 

814 
771 
772 : 

745 ; 

815 


789 i :9 


841 

774 

809 

806 

773 

825. 


8 o5±8 


781 "■■■■■: 

786 

■97,7.., 

870 

BXJ 

890-,':, 

' 853 ^23 


537 '.: :■ ' 

;: 540 "' ■ 

895 

567: 

■:'56od-:xo':> 


662 

684 

690 

722 


690 ±8 


60300^---14 8 
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Table ,XX . — Water requirement of legumes at Akron f Colo., in ipi3--"'Coiitiiitted 


Plant and period of , growth. 

Pot 

No, 

Dry 

matter. 

1913. 


Grams. 

Vetcli, purple, S. P. I. 

187 

117.5 

188 

118.5 

18131 (Vida airo pur- 

189 

128. 9 

purea)j May 29 to 

X90 

113.8 

July 18, . 

191 

102,4 


192 

115,2 

Mean ........... 




' 241 

154. 0 

Pea, Canada field, 

242 

137.2 

S. P. I. 30134 (Pi- 

. 243 

136-3 

sum sativum f June 

244 

134-2 

3 toAug. 4 . 

245 

120. 0 


1 246 1 

68.4 


MesE. 


Bean, Mexican (Phase- 
olus vulgaris); May 
28 to Sept, I . . . ; . . 


Mean. 


229 

230 

231 

232 

233 

234 


Bean, navy (PteeoZw 
vulgaris) f May 28 to 
Aug. 21 . .... . 


Mean. 


Bean, 'soy,, S.' P. I* 
21755 (Glycim his- 
pida), June i to 
\ Aug. 26. 


Mean. 


Bean,, "'',.soy, -wild, 
S. 'P, I.',25i3S" '(Gly- 
■ ,a»e,.s’oj2), june ' i2 to 
■Sept.,U4. . . 


Mean'. 


223 

224 

225 

226 

227 

228 


282.4 
269. o 

260. 7 

232. 8 
276. 2 
245-3 


3:94 

195 

196 

3:97 

198 


199 

200 

201 

202 ■; 

203 

204 


220. 3 
204. o 
224. 5 
16S. I 
227. 9 
186. 1 


XS6- 2 
3^44- 7 
150. 4 
158. 2 
154. 1 
160. o 


Graia. 


Grams. 


64.7 
50.3 
46. 6 

51-4 
32. S 

20. 2 


120. 8 
117. o 

108. 9 
100. 7 
III. 9 

86.7 


loi. 2 
87.9 
9 S -6 
68. 1 
90.5 
70 . 4 


51.8 

33:-9 

49-9 

4S.5 

48. 2 

52-9 


Water. 


Grain. 


Kilos. 
XI 3-7 
108. 8 
119. 8 
106. o 
99- 6 
102.3 


Per cent 


117-9 
104.5 
103.8 
103.0 
96. a 
54.1 


213. 9 
205. 1 
191. o 
182. 8 
218. 4 
19S. o 


144.6 
142. s 

3:53-3 

116. 8 
3:53- 3 
127. 6 


255- 9 
305. o 
346. 1 
303.0 

374.9 

329.7 


ICO. 3 

91.4 
103. 6 
no. 3 

103.9 

in. 7 


238.8 
262, 1 
260. 6 
257-7 

262. 8 
260.5 


42 

37 

34 

35 
27 
29 


Water retiuitemeiit 
based on*— 


Grain, 


Dry matter. 


43 

43 

42 

43 
40 
35 


46 

43 

43 

40 

40 

38 


1,822 
2, 078 
2, 228 
2, 202 
2,921 
2,679 


2, 322 ±'121 


1, 769 

753 
i> 755 
1,815 
1,952 
2, 283 


1, 888 -f* 62 


1,429 

1, 621 
1, 604 

h 715 

3:7693 

3:7^13 


1,646^36 


967' 

919 

930 

932 

972 

888 


935±9 


766 

762 

762 

768 

800 

775 ±S 


757 

763 

733 

786 

791 

807 


773 ±8 


656 

699 

683 

694 

673 

686 


'682 i 4 


33 

1,938 

642 

36 

.1, 760 

631 

33 ' 

2,078 

689 

31 

27 275 

,698 

31 

,,2,154 ,, 

674 

33 

2,, no '' 

698 


2, 053 ±51 

672^:9 


,,93,4' 

^59 
■ 754 
850 
701 " 

790 


: Si Si 2,5, 
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Tabi^ij XX . — Water requirement of legumes at Ahron, Colo. ^ in igij — Contimied 


Plant and period of growth. 


Pot 

No. 


■ ms- 

Cowpea, S. P. I. 29282 
{Vigna sinensis), 
June 1 7 to Aug. 26. . . 


Mean. 


Bean, horse, S. P. I. 
15429 (Vida faba), 
June 12 to July 19 . . , 


Mean. 


Bean, horse, S. P. 1 . 
25645 {Vida faba), 
June 17 to July 9. . . 


Mean. 


151 

152 
^53 

154 

155 

156 


169 

170 

171 

172 

173 

174 


3^75 

176 

177 

178 

179 
iSo 


Dry 


Grain. 


Grams. 
207. o 
202. 6 
215.7 

209. 2 

210. 6 
202. 7 


38-3 

S3- 7 
44.6 
30.0 
10, o 
17*4 


9.4 

40.9 

29.4 
53-6 
18. 5 

IQ. 4 


Grams, 
69.9 
71.4 
80. I 
77.7 
75-0 
79-5 


Water. 


Kilos, 

123. 1 
115. 6 
121. 7 

116. 1 
120. o 
116- 1 


Per cent. 

34 

35 
37 
37 

36 
39 


31.0 

38.4 

33-4 
21. 7 

8.7 

14. I 


7. X 
34.0 
21 . 8 
41.5 
13* 5 
8*3 


Grain. 


Water reaniremeiit 
based on — 


Grain. 


1,761 
I, 620 

3:753:9 

h49S 
I, 600 
1, 460 


Dry matter. 


1.576 ±32 


595 

571 

564 

sss 

570 

573 


571 ±3 


809 

715 

749 

723' 

870 

Six 


780 ±19 


': 755 ' 

831 

742 

■774V 

730 

798 


772d:Xi 


Neither variety of horse bean did well. The growth was fairly good 
during the early period, but during the warm days of July the plants 
wilted down badly, despite an ample water supply, and had to be 
harvested before they had reached maturity. The water requirement^ 
notwithstanding this, is no higher than that of many of the other 
legumes, and compares favorably in this respect with hairy and with 
purple vetch. The navy bean, although not as efficient as the cowpea and 
the soy bean, is more efficient than the Mexican bean, which required 13 
per cent more water. The Canada field pea and the Mexican bean were 
equally efficient.^. / 

Crimson clover, on the basis of the combined crop, required practically 
the same quantity of water as red clover. Crimson clover produced only 
one crop and grew slowly throughout the period, although in total pro- 
duction it was practically the equal of red clover. The water require- 
ment of 'red clover is slightly below:that.ofGrimm::alfalfa,'W^ 
alfalfa required only 78 per cent as much water as Grimm for the pro- 

I Peas and beans w^ere included by X^awes (xfiso, p. 54} in his experiments at Rothamstead, England. 
His measurements show beans to be slightly more efficient than peas. No other measuranents of peas 
and beans have been made, so far as the writers are aware. 
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duction of a pound of dry matter. The total dry matter produced by 
Peruvian was, however, much less. The water requirement for each of 
the several cuttings made of these crops is shown in Table XXL 

Table) XXI . — Water requirement of different cuttings of leg-mncs 


Crop. 

Tirst 

cutting. 

Second 

cutting. 

Third 

cuttiiig. 

Coinl3,uiei::i 

cutting. 

■* * 1 

' ■ 

Alfalfa, Peruvian 

Clover, red 

Alfalfa, Grimm — 

Vetcli , haiio^ 

65i±i6 

7 i 8 ±ii 

804^9 

853^23 

72Sdbi8 
876^14 
878^:8 : 
560^:10 

1^06^12 

1, 01 5 ±49 

Si8±ii 

■ '65 1 ±12 
7S9 ±q 
834±8 
690 ±8 




Taldng the water requirement of the first cutting in each instance as 
a basis of comparison, the second crop of Grimm alfalfa required 8 per 
cent more water, Peruvian alfalfa ii per cent more, red clover 22 per 
cent more, while hairy vetch required 34 per cent less. On the same 
bavsis the third cutting of Grimm alfalfa required 2 per cent more water 
than the first, 8 per cent more for Peruvian, and red clover 41 per cent 
more. Comparing the combined cuttings, Peruvian alfalfa and hairy 
vetch required 18 per cent less water than Grimm, and red clover 5 per 
cent less. Grimm alfalfa was the only one of the lupines grown at Akron 
during both 1912 and 1913. Its water requirement in 191 2 was 659 ±t 6; 
in 19x3, 834 ±8, an increase of 27 percent 

ALTAtTA, SUDAN GRASS, AND MIUDlST GROWN DURING TI-IB hAtH 
SDMMj^R AND AUTUMN AT AKRON, COCO., IN I912 

In Table XXII are given the results of water-requirement measure- 
ments based on the total dry matter produced by crops grown during 
the late summer and autumn and planted in pots which had already 
produced a crop earlier in the season. The soil was not changed, 
and no additional fertilizer was added. These forage crops can not be 
said to have been grown out of season, except in that the plantings were 
made too late in the season to permit, the plants to reach their full 
.development before harv^esting. ’ 


Tabi^B XXII.—IIhfer requirement of alfalfa, Sudan grass, and millet grown during the 
summer ' and autumn at Akron, Colo., in zgx 2 , without additional fertilizer. 


. 'Crop. . 

Pot 

No. 

Dr^' matter. 

Water. 

Water re. ' 
quirement 
based, on ■ 
.'dry matter. 

■' ■1912'.; 


Grams, 

Kilos ^ 
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", '"40.4: 

98 S-'A:' 

Alfalfa, Gnmm, E-23-20“52 (Medicago sativa), 

39 

43* r 

.,■,,'■37-' 3 

■': 866, ■ 

Aug. 7 to Nov. 6, following I^arkov wheat .... 

40 

33*^ 

3'^^ '7 "■ 

9S5 

41 

32,0 

'■■„■ ,.,30.'2,„ 

944 

, Heail ^ . V .'A'''. - ■ ■ X 

42 ; 

34-3 


I, 0.1:7 

'A A ' 



;y':' 'L:/' ' 
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Tabl^ XXII , — Water requirement of alfalfa f Sudan grass ^ and millet grown during 
the late summer and autumn at AkroUf Colo., in xgi2, without additional fertilizer— 
Continued 


Crop. 


Alfalfa, Grimm, following Turkey wheat 


Mean 


Alfalfa, Grimm, Sept. 3 to Nov. 7, following 
Bluestem wheat, 


Mean. 

Alfalfa, Grimm, following unfertilized Kubanka 
wheat... 


Mean. — ... . — ..... 

Alfalfa, Grimm, Sept. 9 to Nov. 4, following 
Grindelia squarrosa. 

'Mean..'..'.,.'..:.....'. 

Alfalfa, yellow flowered (Medkagofakaia), Sept. 
3 to Nov. 7, following Kubanka wheat. .. — 

. Mean.;..' v,' 


Sud^an grass, S. B. 1 . 2 $oig{And,ropogon sorghum 
aetkiopicus), S^pt. s to Oct, i, following spring 
Ghirka wheat. .... ........ . . . ■■■■• . - 


Mean 


Proso, Black Voronezh, S, D. 331 (Panicum 
miliaceum), Aug. 22 to Sept. 28, following 
Beldi barley. ...... . . . '• *■ • • ■ ■ ■ 


Pot 

No. 


Dry matter. 


Water. 


Grams. 


43 

40-4 

44. 

45-3 

45 

21. 0 

46 

25. 6 

47 

30-7 

48 

33*0 


Kilos. 
34. s 
40. s 
21. 3 
23 - 
26. 9 
30- 7 


31 

32 

33 

34 

35 

36 


^4. 7 

7* 5 

16. 8 

8. 5 

18. 1 

8.3 

19. 6 

8. I 

13.8 

6. 1 

12. 9 

6.6 


7 

8 

9 

10 


14. 7 

9*3 

19. 8 

10. 8 

15.0 

1 9.r 

16. 4 

9-5 


12 16. 7 9. 5 


163 ’ 

164 


12. 9 

II. 8 


7 -S 
6. 4 


4 

5 

6 


10. o 
10. S 


16. 5 


4. 6 


5-1 


8.3 


■55 

56 

57 

58 

59 

60 


in S'. 

'. ' .3‘"®' 

18. 1 

. S' 4 

10.5 


19* 5 

'.5'.' 8, 

16. 6 

''..5*^.7' 

9,6 

3*' 4, 


97 

98 

99 


101 

102 


20. 0 

'4- .'4: 

23-o'„. 

s*s 

19- 5 

3*7 

15*5 

4. 0 

20, 0 

4. 6 



Water re- 
aixirement 
based on 
dry matter. 


S62 

894 

bOl 3 

S99 

876 

930 


,9i2i:lS' 


510' 

,so6 

458';' 

.413,, 

442 


;5it: 

473±13 


628 

545 

606 


5855=11 


581 

542 


564^:16 


460 

472, 

503 


478±'io, 


'26;I 

■298-"'. 

' 295 ', 

297,^'",.' 
' 343 ,,' , 

354 "': 

,3o8rfcio. 


;220 

232 

190 

258 

230 


2265=7 \ 


'Mean: 
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Table XXII. — Water requirement of alfalfa, Stdan grass, and millet grown during 
the late summer and autumn at Akron, Coh., in zgi2, without additional fertrhzer— 

. Contintted 


Crop. 


Millet, Ttirkestan, S. P. I. 20694 (Ckaetochloa 
iiaUm), Aug. 22 toOct. i, following Wiiite Hull- 
less barley . ■ ♦ 


Mean 


Millet, Kursk, S. P. 1 . 30029 (Chaeiochloaiialica), 
Sept. 3 to Oct. 3, follomng spring rye. ........ 

Mean.,, .''.x-'- • • 

Millet, Kursk, S. P. I. 34771, Sept. 3 to Oct. 1, 

. .following, emmer. .■ ......... . . . 





Water ro 

Pot 

No. 

Dry matter. 

Water. 

Qiiiremcttt 
based on 



dry matter. 


Grams- 

Kilos- 


3 E 03 

27 . 0 

7.8 

289 

104 

28.3 

8-S 

300 

los 

30.7 

8.4 

273 

106 

30.4 

8.9 

^93 

107 

33 vS 

9,2 

274 

loS 

35- 1 

II. 7 

333 




294 ±d '■ 





9-3 

1. 8 

194 

1 16 

12,4 

2.5 

202 

117 

19-3 

4-0 

207 

118 

24 . 2 

3*9 

161 

1x9 

23 . 5 

3 -^ 

X 32 

. 120 

12.3 

1 - 8 

146 




' , 173 ^: 10 ; 




61 

22.2 

3*7 

167 

62 

18. 4 

2.9 

xs8 

. 63 

23.4 

3*7 

138 

<54 

21. 6 

3 -S 

176 

65 

24 * 7 

1 

' 150 , 

. 66 

24 - 5 

3 *S 

,T 55 




,"x 6 id :3 


I ! 


The effect of fertilizer added to the previous crop on the water require- 
ment of the next crop Is shown in the following measurements : 


Water 

Cmp, ■ requirement 

Alfalfa, follovdng fertilised Bluestem wheat 473 i 13 

Alfalfa, following unfertilized Kubanka wheat. 5851!: x t 

Alfalfa, follo'v^ing fertilized Grindelia, following unfertilized 
' Bluestem wheat. 564^x6 


The water requirement of alfalfa following unfertilized Kubanka wheat 
was higher than that following the fertilized Bluestem, and although 
this difference is not very marked (i9±3 per cent) when the probable 
error is considered, it is sufficient to show a slight effect of two consecu- 
tive crops without fertilizer in increasing the water requirement. Two 
pots of alfalfa following jigjtarwa had a water requirement 

equal to that of the unfertilized set. Grindelia was started in pots which 
had already produced a crop of Marvel Bluestem wheat in 1911 without 
fertilizer. Therefore alfalfa was the third crop from the same soil mass, 
and although the pots growing Grindelia were fertilized, the succeeding 
alfalfa crop gave a water requirement in accord with that following 
unfertilized wheat. 
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The effect of time of planting is shown in the following 'determinations 
of the water requirement of alfalfa: 

^ 'Water 

. reauiremeot 

Alfalfa, grown August 7 to November 6, following Kharkov 
wheat ' 954 ±i 6. 

Alfalfa, grown August 7 to November 6, following Turkey wheat. 912 ±15 

Alfalfa, grown September 3 to November 7, following Bluestem 
wheat*...,.... 47Z±n 

Alfalfa planted during the dry, hot days of August required almost 
twice as much water for the production of a unit of dry matter as it did 
when planted in September. 

The seven varieties and strains given in Table XXIII were included in 
these late-season experiments and were grown under comparable condi- 
tions. The water requirement of Grimm alfalfa, Sudan grass, and Kursk 
millet was also determined in midsummer (see column 3), so that it is pos- 
sible to reduce the water-requirement measurement of the other late-season 
crops to a midsummer basis. The seasonal water requirement of Grimm 
alfalfa was 39 per cent higher than that of the late-season crop. Assum- 
ing this ratio to hold for the yellow-flowered alfalfa, the seasonal water 
requirement of the latter would be 865±iS. The midsummer water 
requirement of Sudan grass and of Kursk millet (S, P. I. 34771) was in 
each instance 16 per cent above the late-season crop, and this ratio has 
been used in computing the other millets to a midsummer basis. The 
computed values (a) are given in the last column of Table XXIIL 

Tab XXIII . — Water requirement of late-season crops 


Variety, 

Water requirement. 

rate-season 

crop. 

Midsummer 

crop. 

Alfalfa, yellow-flowered ... .... . . . . 

Alfalfa, Grimm. . ................. 

■ Sudan grass.". 

478±io 

473 ±13'" 
3o8iro 
' 294±6.;. 

: ■ 226 ±y 
'173^20. ' 
j/. '■.'x6xi:3 

« SfisiiS 
6 s7d:il 
3S9±2 
‘»34 i±7 

-i 87':± 2''. ■ 

Hillet, Turkestan, . . . , . ... . - . . ... . 

Proso, Black Voronezh. ..... . . 

' Millet, K^ursk, S.'P, 30029. 

Millet, Kursk, S. P.T, 34771. , , > . . . 


o Computed. 


Of these seven varieties the yellow-flowered alfalfa 
gave a water requirement in practical accord with the Grimm selection 
grown during the same period, Kursk nnllet (S. P. I. 34771) gave the 
lowest water requirement and proved to be decidedly more effleient than 
Black Voronezh proso and Turkestan millet. Sudan grass required 91 
per cent more water than the Kursk millet, which is in exact accord with 
the results obtained for these two crops from determinations based on a 
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CUCURBITS 

On account, of the large space required by crops which produce, vines, 
the cucurbits were grown outside the inclosure at Akron in 191,3. The 
reduction in water requirement produced by the inclosure amounted in 
the case of wheat, alfalfa, and cocklebur to approximately co per cent. 
These ratios for the cucurbits should therefore be reduced by this, amount 
in comparing them with crops grown inside the shelter. The observed 
water requirement outside and the computed water requirement within 
the inclosure, both based on dry matter, follow: 


Crop Outside Inside 

Watermelon 75o±ig 6oo±i5 

Cantaloupe 778±34 621^27 

Cucumber. -■ 89i±i4 713^11 

Squash. 936diio 748^8 

Pumpkin........... i,043±2i 834^17 


The cucumber, cantaloupe (PL VI, %. 4), and watermelon did well in 
the pots. Squash and pumpkin produced very little fruit (Table XXIV), 
and the growth of vines was not normal. Watermelon and muskmelon 
proved to be the most efficient of the cucurbits. Pumpkin, the highest 
of the cucurbits in water requirement, is about the equal of alfalfa in 
efficiency. 

Table XXIV.— “IFufef requirement of cucurbits at Akron, Colo., in igis 


Plant and period of growth. 


Pot 

No. 




Squash, Hubbard (Cw- 
, curbiia ■ ma x i m a ) , 
June 3 to Sept. 13. . . 



339 

340 


341 


342 


'Mean. 


Pumpkin, common 
field. {Cucurb i ia 
JunC' 3',,, to 
, ,Sept. 13. 


343' 

344 

345 

346 

347 

348 


.Mean 


Cucumber,,, Boston 
pickling {Cucumis 
' i-aiwttj}'',;.''' June,'' 14 ''to''. 

Sept. I 


3^9 

320 

321 

322 

323 ' 

324 


'Mean, 


Bry 

matter. 

Dry 

matter 

in 

fruit. 

Water. 

Fruit. 

Water requirement 
based on — 

Fruit. 

Drs'- matter. 

Grams. 

Grams. 

Kilos. 

Per cent 



272. 0 

46. I 

260. 7 

n 

5-658 

959 

280. 9 

85.6 

252. I 

30 

2,945 

898 

244-3 

33*4 

224. 2 

14 

6, 715 

918 

247-3 

18. 4 

242. 9 

7 


982 

267. 9 

68. 6 

244.9 

26 

3»S7o 

914 

258.9 

7* 3 ; 

244. 7 

3 


946 





4, 720 ±690 


205. 9 


215. 6 


:t,047 




222. 4 

5*9 

221. 0 

3 


994 

228. 8 

45*9 

211, 6 

20 


925 

225.4 

2. 8 

243. 2 

! ^ 


.1,078 ' 

100. 5 


215. 2 



I . I '? 0 

179.7 

2. 8 

194. 6 

‘ V ' 2 


1,083 

T ■ t\A in 0 T 

171. 1 

loi. 5 

154. 8 

59 

1, 525 ■ 

90S" 

185.6 

100. 0 

167. 6 

54 

1,676 

903 

185. 7 

96-3 

158. 2 

42 

1,642 

' 852 

182.5 

1 1 2. 4 

152. 9 

62 

: 

"838.' " 

175-8 

%7 

171. I 

48 

2, ,04s ■■ 

,■ '■974 ' 

174. 8 

107.4 

152.3 

61 

1,417. 

872 

0/<VY ? V jff 





ij uii3:U7 
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Table requirement of cucurbits at Akron, Colo., in Continued 


Plant and period of growth. 

Pot 

No. 

Dry 

matter. 

I>ry 

matter 

in 

fruit. 

Water. 

Fruit. 

"Water requirement 
based on — 

Fruit. 

Dry matter. 

2^913- 

Cantaloupe, Rocky 
Ford { Cucumismelo ), 
June 14 to Sept. 13. . 

Meaii' " 

’ 325 

326 

. 327 

328 

329 

330 

Grams. 

314.7 

285.3 
211, 4 
264. 9 
272. 8 

305- 6 

Grams. 

198.9 

155.2 

92.5 

132.5 

160. 6 
162. 4 

Kilos* 
201. 7 
214. 4 
210. 5 
218. 1 
X97- 3 
222. 8 

Per cent. 

63 

55 

44 

50 

59 

SZ 

ij 014 

1,382 

2, 276 

1,646 

I, 228 

371 

' 641 ' .. 

752 " 

996 

824 

723 

729 

I, 486^120 

778±34 

Watermelon, Rocky 
Ford {CitruUus vul - 
garis ), June 14 to 
Sept. 13 

' 331 
332 
, 333 

334 

335 

336 

301. 8 

318-5 

334 - S 
314-2 

: 267. 9 

1 320.8 

193.2 
216. 8 
225.9 
209. I 

159*4 

224. 2 

238,2 

215 - 5 
241.4 

232. 8 
232. 1 
226. s 

64 

68 

67 

66 

'59 i 
70 

3:^233 

995 

1, 069 

1, 112 

1/457 

1,010 

790 

677 

722 

740 

866 

766 

Mean 

i,I46±49 

7 So±i 9 








On the basis of the production of fruit the watermelon has proven 
to be exceptionally efficient. The water requirement, calculated on the 
basis of the dry matter in the melons and reduced to inclosure conditions^ 
was 915 ±39. The green fruit contained 95 per cent of water. The 
water requirement on a green basis would therefore be 46. 

RAPK, TURNIP, CABBAGE, AND POTATO 

Rape, turnip, cabbage, and two varieties of potato, the Irish Cobbler 
and the McCormick (PI. VI, fig. 6), were included in the 1913 meas- 
urements (Table XXV). The water requirement, based on dry matter, 
was as follows: 

. Crop '' Waterrequirement. , V ,, 

■ Cabbage. ....... . ..f $ 39 ^ 7 ::: ' 

■' Turnip................ \ r., .V. .'.v:;639±3i:; 

Potato: ■ ,' , 

■■■■■ Irish 'Cobbler. .,,.',:'659,d:r3'' ,■ 
McCormick.''.. -v 
Rape.:. .. . ., . .> '743 ^' 7 '; 

Cabbage and turnip are seen to have a lower water requirement than 
potato and to rank in efficiency with oats. Of the potato varieties 
the Irish Cobbler was the more efficient and produced the most tubers. 

The McCormick, a late-maturing variety, produced fine vines but 
practically no tubers. The water requirement of rape was practically 
the sarne as that of turnip during the same period of growth, but the 
second crop, although not a heavy one, had a water requirement so 
much higher than the first that the combined crop is approximately 16 
per cent higher than for turnip. ' 
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TabiM XXV . — Water requirement of rape, turnip, cabbage, and potato at Akron, Colo,, 

in XQI3 


Plant and period of growth. 

Pot 

No. 

Bry 

matter. 

Tubers 
or roots. 

Water. 

Tubers 
or roots. 

Water requirement 
based on-— 

Tubers or roots. 

Dry matter. 

1913. 

Rape' {Bfossica napus ) , 
June 3 to July 19 . . . . 

' 217 

218 

219 

220 

221 

. 222 

Grams, 

171. 2 

156-3 

162. 0 
140. 5 

171*5 

164. 6 

Grams. 

Kilos. 

1 12 . I 

102. 9 
102. 5 

97-4 
108. 0 
no. 5 

per cent- 


655 

658 

633 

693 

630 

671 



















Mean. - — 







657*6 

Rape,, second ■ crop, 
July 19 to Sept. 13 . . 

' 217 

218 

219 

220 

221 
. 222 

44 * <5 
68.5 

58.3 

63.8 

66.4 
69. 0 


54*3 
69. 2 
58. 0 
53*2 
62.8 
60. 9 



1,217 

1, 010 

99 S 

834 

946 

882 



















' '■ Mean.. . . ...... 







98 i± 3 S 

Rape, combined crop, 

■ June 3, to Sept, 13.. . 

Mean. . 

’ 217 

218 

219 

220 

221 
. 222,, 

2x5. 8 
224. 8 

220.3 

204.3 

237*9 
233* 6 


166. 4 
172. 1 
160. 5 
150. 6 
170. 8 

171.4 



771 

767 

729 

737 

718 

734 

























743 ±7 

Turnip, Purpie Top 
( Brassicafapa ), yL 2 Ly 
20 to Tiilv 10 

■ 2 II 

212 

213 

214 

215 
[ 216 

128. 9 

1 2 8. 4 
58.6 
128. 5 
73-8 
90.4 

69-3 

64. 6 
17*3 
58.8 
37*6 
29.4 

78.1 
90. 7 
30. 6 

69* 5 

51, 2 
68. 9 

54 

50 

29 

45 

52 

32 

1,127 

2,403 

I, 767 

1, 181 

2,360 

2,341 

606 

706 

522 

541 

694 

762 

Mean. . ... 






2,530*232 

639 ± 3 I 

Cabbage, 'Early Jersey 
Wakefield (Brassica 
okracea .'.. capitaia ), 
June 3 to 'Sept. 12... 

" Mean;,......... 






f 205 

206 

207 

208 

209 

1 210 

284. 5 
281. 9 
359-8 
330- 7 

344-6 

313-2 


148.9 

160.3 

192*5 

176. 0 
275*7 
177. 0 



523 

569 

533 

532 

5x0 

565 

























S 39±7 

' Potato, 'Irisb ''Cobbler 
, ^ '{Salanum ■■ tuber -' 
mum ),. June,,' 3 to,' 
"'Sept. '12'.",', . 







f II5 
; 116 

iJ 

i| 1x8 

1 '"XX9:' 

\{ 120; 

170. 2 
203. 2 

2 II. 0 

222. 3 

2X8. I 
2or. X 

40. 6 
67. 8 
81. 7 
86.6 
X03 3 
52*4 

120. 4 
X 45 * 2 
127, 0 
249*3 
130. 0 

233*3 

.24 

33 

39 

39 

48' 

26 

2,966 

2, 140"'' '■ 

, 2 , 555 ' 

.2, '"724 . 

. 2, 234' 

2, 542 

708 . 
■7X4 

602 
,671 
' 596 

662 

,Mean '. . . . .... . >■* 






2, 027 *'197' 

"'659±,xs 

Potato,' ■' McCormick' 
": fSolanum ''''^ ", .' tuber * 

'''"'June':"'' 5 "''.'to 






'121',, 

122 

123 

124 

/12"S,/' 

126 

215. 8 
213.7 
2 X 5*5 

219.3 
20X, 4 
206. 9 

. I ' 

I. 7 
5*0 
10. 3 

*3 

1.9 

'' ■' 245 * 5 

254*9 

146.9 

164*5 
254. 2 
245 * 9 



674 

724 

682 

', , 750 ''' 

■ 766 

706 ' , 



■2 

' 'S:. 





■ ' '■ 2 




Mean, 


:7i7±li 
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Oct. IS, X914 Water Requirement of Plants 


NATIVE AND INXRODUCl^D GRASSieS AND OTHBR NATIVE PDANTS. ■ 

Two native Colorado plants were included in the 1912 measurements 
at Aktotiy Grindelia squarrosa^ or *‘gum weed/' and Artemisia frigida^ 
or '‘mountain sage" (PI. II, fig. 3). These plants were carried through 
the winter in the pots, and only two pots of each set were in good condi- 
tion in the spring. They both behaved as biennials, forming rosettes 
in 1911 and flowering profusely in 1912. The data (Table XXVl) 
given for the period from May 20 to August 26 include much of the stored 
dry matter of the rosettes and root systems elaborated during an earlier 
period, and consequently the water requirement is somewhat too low. 
In order to check this, the data based on the total period of growth, 
which includes the growth and water consumption in 1911, have also 
been given. This method of computation increases the water require- 
ment less than 6 per cent. 


TablU XXVI . — Water requirement of native plants at Akron ^ Colo.j in igi2 


Plant and period of growth. 

Pot 

No. 

Dry 

matter. 

Water. 

Water re-,,' 
qiurcanaent 
based on 
dry mat- 
ter. 

1912. 

Grindelia squatrosa, May 20 to Atig. 26. 

/ 163 
1 164 

Grams. 

385-4 

367-7 

Kilos. 
,172.0 
180. 0 

446 

490 

Mean 

468 dr 18 

Artemisia frigida, May 20 to Aug. 26. ........... 

f 167 
\ 168 

336- 3 
293-9 

153-4 

443-9 

456 

491 

Mean. . 

474±I4 

TOTAL PBRIOD OP GROWTH. 

Grindelia squarrosa, Aug. 18, 1911, to Aug. 26, i 
1912 . . 

1. 164 

399-6 

381.2 

182.4 
'200. 5 

'"'■'457 ■' 

'Mean. . 

■ 492;d:^9 

Artemisia frigida, Jan. 10, i9ri> to Aug. 26, 

' 1912 . 

/ 167 
\ 168 

372-8 

345-8 

177.4 

183.9 

476 
, 532 

■■■ ' '' 1 f . - ' ■ ' - - 

;'/;,S04dr24|' 






Although these are typical native plants of the high plains, they re- 
quired about 20 per cent more water than Kubanka wheat and rank 
higher in water consumption than any of the cultivated grains except 
rye and rice. 

Grasses produce so slowly that it is somewhat difficult to make satis- 
factory measurements of their water requirement. The 1913 experi- 
ments (Table XXVII) included pure buffalo grass, mixed grama and 
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buffalo grass, western wheat-grass, brome-grass, and a Siberian wheat- 
grass.' Buffalo grass, brome-grass, and wheat-grass each gave two 
crops, buffalo and grama mixed gave -three cuttings, while western wheat- 
grass produced but one cutting. The combined- crops afford the best 
basis for the comparison of these grasses. On the basis of the total dry 
matter produced throughout the season, the water requirement is as 
follows : 


Variety of grass 

Buffalo - 

Grama and buffalo. . 

Wheat-grass 

Brome-grass. 

W^estem -wheat-grass, 


Water requirement 

'308 ±22 

3S9±i2 
. . . .. 705±27 

i,oi 6±26 

i , o 76±2'9 


Brome-grass and western wheat-grass are comparatively very ineffi- 
cient in the use of water, requiring from 22 to 29 per cent more water 
than alfalfa. Western wheat-grass made a slow growth. Wheat-grass 
is more efficient than alfalfa, requiring 15 per cent less water. The short 
grasses made a wonderful showing, the water requirement of pure buffalo 
grass being only about one-third that of alfalfa, and that of grama and 
buffalo mixed, 47 per cent. The water requirement of buffalo grass is 
only 8 per cent above millet, which is one of the most efficient of the 
introduced plants. The mixed buffalo and grama grass required 36 per 
cent more water than Kursk millet. These are the first of the native 
plants to show any marked efficiency in the use of water, although some 
of the weeds, as will be seen later, are also highly efficient. 


TabuK XXVII,— -1‘Fa^er requiretneni of native and introduced grasses at Akron, Colo,, 

i n ipi 3 


Plant and period of growth. 

Pot 

No, 

Dry matter. 

Water. 

Water re- 
quirement 
based oa 
dry matter. 

1913. 

Grama (Bouieloua gracilis) and buffalo grass 
fButhilis daciy hides), mixed, first crop, June 3 
io' July'19* 

'f ^39 
140 
, 141 

142 

143 

144 

Grams, 
SO, I 

26. 9 
31-8 

21. 9 
22. 1 

25 - 3 

Kilos. 

U 7-4 

10. 7 j 
12.4 1 
7 -S 
9-8 
8.fi 

■ ' '347 ■ 

398 

390 

342 

443 
! ■ 340 

''Mean, 

377 ±ii 

Grama and buffalo grass, mixed, second crop, 

: July 19' to Aug. 26, . , . . . . . ' ■ ' 

' ^39 
140 
, 141 

142 

143 

1 144 

'SI - 7 
■ 33-4 
38. s 

' 3 ' 7 * 9 ' 

'' 41. "2 
26,1' 

, ''iS, i' 

13-2 
IS- 6 
'■ 14 .' 4 
16. 1 

' 3 SO'' 

'',402', . 

380 

'■'m ■' 

, „ Mean.'. . 

39 Si: 7 
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Table) XXVII. — Water requirement of native and introduced grasses at Akro^i^ Colo., 

in igi 3 — Contintied 


f 

Plant and period of grori^li. 

Pot 

No. 

Dry matter. 

Water. 

Water re- 
quirement 
based on 
dry matter. 

1913. 

Grama and buffalo grass, mixed, third crop, 
Aug. 26 to Oct. 20 

' m 

140 

141 

142 

143 

1 144 

Grams. 

14. 3 

II. 6 
II. 8 

IS - 9 
15.0 
18.3 

Kilos. 

7-4 

6.1 

7.0 

7.1 

7.6 

4-3 

517 

526 

593 

446 

,507 

235,. 

Mean 

471 ±26 . 

Grama and buffalo grass, mixed, combined 
crops, June 3 to Oct. 20. 

‘ 139 

140 

141 

142 

143 

144 

1 16. 1 

73-9 
82. 4 

75-7 
78.3 
69. 7 


42.9 
30.0 
35-0 
29. 0 

33-5 
22. 6 

369 

406 

425 

383 

428 

324" 'V' 

Mean 

3S9±i2 

Buffalo grass (Bulbilis^ dactyloides), first crop, 
June yg to Anfx. 26 

’ 145 

146 

, 147 

148 

149 

150 

10. 0 
32. 1 
18.9 
12. 9 
13 * 2 
8. 1 

3-5 
9.0 
5-0 
3.8 
3.8 
I - 5 

350 

280 

264 

■' 295 

288 

i8s 

Mean 

277 ±i 3 

Buffalo grass, second crop, Aug. 26 to Oct. 18 . . 

Mean ' 

■ 145 

146 
' ' 147 ' 
.148 

3-6 

3-1 

2.3 

5-2 

1-5 
. 8 

'•■7 
■ '"1. 9 

417 

258 

304 

3363=23 

Buhalo-grass, combined crops, June '18 to Oct. 18. 

Mean. 

f 143 

1 146 
\ U 7 
[ 148 

13.6 

35-2 

21. 2 
18. 1 

S‘ 0 

9.8 

5-7 

368 

278 

269 

315 : 


Brome-grass, S. P. I. 29880 inermis), 

' 'first crop, May 23 to July 19. . 

f >33 

■ ' 134 ', 

135 

136 

64. 5 
75 - 2 
76. 0 
60.8 
79 - S 

62. 8 

74. 6 
70 - 3 
58.6 

79-3 

973 

992 

925 

964 

998 

. ' 'Mean 

970±9 

Brome-grass, second crop, July 19 to Oct. 22 . . . . 

. '/Mean. - . ./.a .■ 

^33 

134 

13s 

136 

1 138 

V', 3 : 0 . 3 " 

46,1 
■' 3 ^- 1' 
26. 9 
40. I 

28. 4 

59-3 
46. 6 
21, 8 
47.0 

937 

I, 286 
i^ 290 

810 

1, 172 

1, 0994=76 


Mean 
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TablU XXVII . — Wafer requirement of native and introduced grasses at Akron, Colo., 

ipjj-^ontmued 


Plant and period of growth. 

Pot 

No. 

Dry matter. 

Water. 

Water re- 
QU'ireJneot 
based 011 
dry matter. 

.. 1913. 

Brome-grass, combined crops, May 23 to Oct. 22 . • 

Mpafs , . ' ■ 

' 3:33 

134 

135 

136 
1x38 

Grams. 

94-8 

121. 3 

II2. I 

87.7 
119. 6 

Kilos. 
91. 2 
X33-9 
116. 9 
; 80. 4 

126. 3 

962 

1 I, 104 
1,043 

916 

1,036 

I, oi6d:26 

Wli&Bt-%rsss(Agropyroncnsiatmn), S. P. I. i9537j 
first crop, June ^ to July 19 

67 

68 i 

, 69 I 

■ 70. 1 

71 i 

72 : 

23- 9 
33-6 

24- 3 
23.0 
17. I 

34vO 1 

19. 2 ■ 
22. 4 
16, 1 

m- 3 

13.8 

25.8 

74X 

667 

663 

839 

808 

759 

' 'Mp'aini' 

746 ±2 1 

Wheat-grass, second crop, July 19 to Oct. 22 . .. . 

Mean. 

67 

68 

, ^9 

70 

71 

72 

49. 0 

77.0 
53-6 

58.0 

46. I 

66. 2 

37-9 
45* X 
29.3 
40. 2 
34- 8 

5X.3 

773 

585 

547 

693 

755 

775 

' 688 ±3 X 

Wheat-grass, combined crop, June 5 to Oct. 22 . . 

Mean... 

f 67 
68 

I <>9 

1 70 

i 7x 
il 72 

74. 9 
no. 6 

77- 9 
81.0 
63.2 
100.2 

37- 1 

67-3 

43-4 
39- 5 

48. 6 

77- X 

762 

610 

383 

733 

769 

769 

705^:27 

Wdieat-grass, western (Agropyron Smithii), June 
- 17' tO' Oct. 22 

235 

236 

J 237 

238 

239 

240 

37-7 

41.4 

18.3 
21. 1, 

25.6 

16.7 

45* 0 
43- X 
15. 2 
23.0 
28. 9 
19. 7 

X, 193 ' 

1, 040 

83 X, 
1,087 

I, X28 

I, X79 , 

■ " ' Mean .. , 

1, 076 d ;'29 


i : 




wmBs 

A. ntimber of weed^ Akron in 1913, in order to 

determine their water requirement. (Table XX VIIL) Most of these 
were planted late in the season, after the crops of grain had been removed. 
Pigweed and the annual sunflower were, however, started at the beginning 
of . the season. ■ .Three crops of-pig^veed' were produced, The water ' i-equire- 
meat for the first, second, third, and combined cuttings, based on dry 
matter,:;.being.':325.:±;io,;'A'.2d:'d:4>:Ty8';±;'7j;;aiidv^ 
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Sunflower, which made an excellent growth, gave a: water tequirement 
of 705 ±8. Sunflower thus requires 'almost three times as much water 
as pigweed and 86 per cent as much water as alfalfa. 

A comparison of the water requirement of pigweed during the three 
periods of growth will show that the water requirement is not greatly 
affected by the period of growth. 

If this holds for the other weeds, no great error will be produced in 
comparing the water requirement of these plants without regard to the 
period during which they were grown. The water requirement is, how- 
ever, probably slightly less than it would have been if the plants had 
been grown in midsummer. The results obtained, based on the produc- 


tion of dry matter, are as follows: 

Variety of weed Water requirement 

Purslane (Portulaca oleracea). 292 ±ii 

Pigweed (Amaranihus retroflexus) 32o±7 

Cockiebur (Xanthium commune) 432^13 

Narrow-leaved sunflower from sand hills (Helianikus petiolatis) . . 57o±ii 

Annual sunflower (Helianihus annum) 705 ±8 

Narrow-leaved sunflower from near AJbron {Helianihus peiiolans ) . 774±20 

Lamb Vquarters (Chenopodium album). 801 ±41 

Fetid marigold {Boehera papposa) 881 ±26 

Western ragweed (Ambrosia artemisifolia) 948^66 


Purslane and pigweed, two introduced weeds, appear to be excep- 
tionally efficient plants, their water requirement being only slightly 
higher than that of Kursk millet and in practical agreement with the 
sorghums. Some of the indigenous weeds were also found to be fairly 
efficient, cockiebur, a plant found in stream beds and about ponds> 
having a water requirement 13 per cent less than wheat, while the narrow- 
leaved sunflower from the sand hills had a water requirement 31 per cent 
less than alfalfa. Tamb’s-quarters, an introduced plant, and fetid 
marigold (PI. VII, fig, 2) and western ragweed, indigenous plants, have 
a slightly higher water requirement than alfalfa. 

It is evident, therefore, that the common weeds differ greatly in water 
requirement. A growth of weeds in a crop or on summer fallow repre- 
sents a tremendous loss of moisture, a thousand pounds per acre of the 
most efficient weeds representing a loss of at least 1.5 inGhes of stored 
rainfall, or from 4 to 5 inches of stored rainfall in the case of the weeds 
having a high water requirement. The latter figures represent about 
the maximum amount of moisture that can be stored in fallow land. It 
is therefore easy to understand how the whole of the stored moisture 
supply may be lost through the growth of a moderate crop of weeds, and 
these varieties having a high water requirement are especially to be 
dreaded. 
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XXVIIL — Water requirement of weeds at Akron, Colo., in igij 


Plant and period of growth. 


■1913. 

Stinfio'vver [Hellanthus 
anmms), June 5 to 
Sept. IS 


Mean. 


Sunflower, narrow- 
leaved (Helianihis 
peiiolaris), July 2$ 
to Sept. 17 


, Mean.: 


Sunflower, narrow- 
leaved (HeZiuwito 
petiolaris), fro m 
Sand lulls, Aug. 13 
' toSept: 18. , . 


Mean. 


Marigold, fetid (Boe- 
hera papposa), July 
23 to Sept. 17. .. .. .. 


Mean. 


' Lamb :’s-quarters ' ( Cken\ 
opoMum' album), 

■ July .a's'to Sept. 17. . 


Mean. 


■; Ragweed , ' ' , w^estem 

' '{ Ambrosia ^ artemisi- 
cJoUd), ;■ Aug.,y 1 ■ to 
, "Sept. "iS. .V.. , 


Mean. 


Pot 

No. 


271 

272 

273 

274 
27s 
276 


175 

176 

177 

178 

179 
iSo 


79 

80 

81 

82 

H 

84 


169 

170 

171 

172 

m 

174 


211 

212 

213 

214 

215 

216 


187 

188 

189 

190 

191 

192 


Dry 

matter. 


Grams. 

516. 6 
554-0 
502. 2 
459-2 
512. 5 
507.2 


196. o 

140.4 
148. 7 

103.4 
156.0 
163,7 


17. I 

32.3 

34. 6 

14.4 

25.4 
30- 5 


116. o 
102. S 
106. 5 
99-9 
3 

55- o 


64. o 
35-3 
47* 4 
40. o 

51-6 

64. 2 


17. X 
3C2.3 
10. 6 
20. 6 
13. 1 
27.5 


Grain. 


Grams, 
40. 7 
70- 5 
51.8 

58-4 

63. o 
63 . 2 


34- I 
19. 6 

23-3 

16. 7 
21. 8 
25-2 


Water. 


Kilos. 

373- 5 
363- 9 
343-2 
334. 9 
371.6 
360. 9 


135- S 

103. I 
109. 5 
87. I 
132.2 
129. 6 


10. o 
18. 6 
18. 2 
9- 1 
13-5 
17- 3 


95.8 
98. 8 

93-3 

86.7 

125.5 

■55- 2 


39-9 
26. 9 
46. 2 
33-4 
47-2 
44-6 


Grain. 


Per cenl 
8 

10 

13 

12 

12 


12.5 

12. 9 
13-8 
18. 7 
13-3 
18. 7 


Water requirement 
based on-- 


Grain. 


9, 180 

5, 161 

6, 625 

5. 725 

5> 9°o 

5,710 

6, 38452353 


3,971 

5,261 

4, 695 

5,218 

6, 061 
'5» HX-, 


S, os 8 ±I 32 


Dry matter. 


723 

5.7 

683 

729 

724 
711 


705 zkS 


691 

735 

736 

842 

848 

792 


7,74 ±20 


585 

57<5 

526 

632 

533: 

567 




826 

960 

876 

868 ' 

ISO' 

1, 004 


8Sid:26 


624 

762 

975 

835 

914 

694 


801 zl::4I : 


73^ 
I, 049 
I, 302 
908 
1,015 
680 


948±66' 
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XXVIII. — Water requirement of weeds at Akron^ Colo., in IpIJ— Continued 


Plant and period of growth. 


19^3- 

Pigweed {A?naranihus 
retroflexus), June 12 
to July 19 


Mean. 


Pigweed, second crop, 
July 19 to Sept. I — i 


Mean. 


Pigweed, third crop, 
Sept. I to Oct. 4 . . . . 


Pot 

No. 



Mean. 


Pigweed, combined 
crops, June 12 to 
Oct. 4 


Mean. 


Purslane (Portulaca 
oleracea), July 18 to 
Sept. 17 


' Purslane, ; Aug. 21' to 
Sept. 17 . ... 


Mean.; 


91 

92 

93 

94 

95 

96 


183 

241 

242 

243 
■244 

245 

246 


t39-3 
207. 5 
207. 5 
186. 6 
188. 6 
230. 7 


103. I 

36. 2 
28. o 
33.- S 
38- 4 
48. 5 
18.8 


•I' 


Grain, 


Percent. 


43- 5 
73-9 
64.4 

55* S 
57*9 
77.8 


33* 2 

8.9 
7-5 
9* 7 
10. 9 
12. 9 
7.0 


Water requirement 
based on— 


Grain. 


Dry matter.' 


330 
377 ■ 

306 

:293 " 
297 

345 

325^:10 


300 

323 

328 

326 

337 

340 


326^4 ■ 


293 

310 

28S 

251 

262 

263 




312 

356 

299 

307 

337 . 

32o±7 


322 


246 
268' 
289 
' 284 
266 
■' 372 


292 'in ■ 


RELATIVE WATER-REQUIREMENr MEASUREMENTS ^ 

The relative water requirement of the different varieties of plants 
grown at Akron in 1912 is summarized in Table XXIX, Kubankawheat 
being used as a basis of comparison. Grimm alfalfa is seen to have the 
highest water requirement of the 42 species and varieties tested during 
1912, while Kursk millet proved the most efficient of all the plants 
tested. The varieties are also grouped on the basis of crop or genus, and 
their mean water requirement compared with the mean water require- 
60300“— 14 4 
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ment of the wheat varieties. The relative water requirement on this 
basis is given in the last column of Table XXIX. 

The quantity of w^ater required by the various crops for the production 
of a unit amount of seed or grain at Akron in 1912 is summarized in 
Table XXIV. Rye is seen to be the least efficient of the grain-producing 
crops tested, with Voronezh proso the most efficient. 

Table XXIX . — Summary of water^reqmr^ment measurements at Akron f Colo., in igi2 
WAtER REQUIREMENT BASED ON DRY MATTER PRODUCED 


Crop and variety. 


Botanical name. 


Water reciuirement of- 


Variety. 

Crop (or genus). 

Actual. 

Relative, 

compared 

with 

Kubanka 

wheat. 

Actual. 

Relative, 

compared 

with 

wheat 

iTriiiaim 

spp.). 

659±6 

657±ii 

I. 67^0. 03 

I. 67 db . 04 

1 658 

1. 60 

638^:4 

5^9±i3 

5ioi:i4 

496±9 

1. 62 ± . 03 
I. 32± . 04 
I- 29 ± .04 
I. 26± . 03 
I. 24± . 04 

638 

519 

510 

496 

485 

1.56 
X. 27 

' I. 24 
"' I. 21 
I. 19 

474±I4 
ASi 18 

I. 20ib . 04 
I. I9± . 05 

} 471 

i.iS 

491 ±13 

449 ±3 
423 ±5 

399 ±6 

I. 25± . 04 
I. i4± . 02 
I. 07ih . 02 
I. oi± , 02 

1 441 

1. 08 

443 ±3 
439d:i 
416 ±4 
403±8 

I. 12 ± , 02 
I. 1 1 ± . 02 
I- 06 ± , 02 
I* 02 ± '. 03 

1 42 s 

1, 04 

4S7±3 
45i±4 
428 ±3 

394±7 
365 ±6 
364^6 

'i.'i6± , 02 
X. 14 d: . 02 
X. ogdc. *02 
I. 00 

.,93± .02 
. 92 dr , 02 

i 

^ 410 

I, CK3 

32I±8 

. Sid: . 03 

321 

. 78 

3i5±7 

302db7 

29S±6 

289^:4 

. Sod: - 02 
. 77± - 02 
„.'75± "* 02 
,,*73ri:',*02 



-H-H 

0 

00 00 

■'",.7'2:dr' .D2 
-.■yid:'' .03 

» 286 

„ '.,,...70 

250i2 

• 63dr . 01 



239±3 

. 6i± . 01 . 




1912. 

Alfalfa:'.-,. 

Grimm, S. ,P, „,I. 
25695.' 

Grimm, .A. B. I. 
\ B. 23-"20~5.2. 

CloYer, sweet 

Rice, Honduras. .... 

CBick-pea ........... 

'Rye, spring.. . 

Cotton, Triumpli . . . . . 


Medicago sativa. . , 
do. . . ..... . . . . 


Native plants. . . . 

, Gats: , 

Sixty-Day...... 

Burt... .... 

Swedisli Select. . . 

Canadian 

Barley: . . 

Hannclien. ..... 
White Hull-less . . 

Beldi 

Beardless,' 

Wheat: : 

Spring GMrka .. . 
Marvel Bluestem . 
Emmer . 

, ' : Xubanka. . 

Kharkov. ..... 

Turkey 

'Sugar beet: 

" ' ■ ' Kleinwanzleben . ■ . 
: ..Com:"'',',' 

China 'White. . . . . 

' '.Iowa Silvermine'.-. 
''Laguna".':....,. . 
.; ,Cliina ,White'.X„La- 
'guna."' 

Hfopi."' 

. Northwest'em 
,'I)ent.',,' 

. China White X Bs- 

'.,,.'peranza.„: V; 

Bsperanza 


Melilotus alba . ... 
Oryza sativa. . . — 
Cicer arietinum ... 
Secale cereale . . . . . 
Gossypium hirsu- 
tum. 

jf Artemisia frigida . . 
[iGrindelia squarrosa 


Avena sativa . 
... .do. ...... 

... .do. 

. . . , .do. ...... 


Hordeum distichon 
Hordeum vulgare . 

. . . .do , 

do. 


Triticiim aestivum. 

, . . . .do. .' 

Triticum dxcoccum 
Triticum durum. . . 
Triticum aestivum . 
. . . ,.do., ........... 


Beta vulgaris . 


Zea mays. 

.do."".", 
'..-.".'.'do. , . . 


.do. 

.do. 

.do. 

.do. 
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Tabi^F/ XXIX. — Summary of water-requirement measurements at Ahfon^ Colo,, in: 

jpi.2— <ioiitmued 

WA'rSR RFQUIREMFNT BASED 03Sr DBY- MATTER PRODUCED~--Coiltiniied 


Crop and variety. 


Botanical name. 


Water' requirement of — 


Yariety. 

Crop Cot' genus). 

Actual. 

Relative, 

compared 

■with 

Kltibanka 

wheat. 

Actual. ,, 

Relative, 

compared' 

with 

wheat 

(^Triticum 

spp.). 

339±2 

0. 91 ±0. 02 



273±4 
259 ±S 
255±3 
249±3 
239 ±2 
237±4 
223 ± I 

. dpi . 02 
. 66± . 02 
. 65.± ,,02 
. 63± .02 
. 6r± , 01 
. 6o± , 01 
. S 7 ± -oi 

‘ ' 262 

' '0. ,64 

24 S ±7 

187 ±2 

. 63d: . 02 
. 47 ± ■ 01 

218 

207 

',''*53 

208 ± I 
2 o 6 ±i 

■ 53 ± • 01 

. 52± . 01 

1 207 

■ ', 

' '.SI 


1912. 

Sorghum: 

Sudan grass . 


Milo, Dwarf 

Kafir, Biackhull . , 

Durra, White 

Milo 

Minnesota Amber. 

Red Amber 

Kaoliang, Brown. 
Millet: 

German 

Kursk. 

Rroso: 

Tambov 

Voronezh. 


Andropogon sor- 
ghum aethiopicus. 
Andropogon sorghumj 

do 

. . . .do 

.... do 

do 

. ... .do 

do. 


Chaetochloa italica. 
... .do 


Panicum miliaceum 
, . . . .do. 


WATER REQUIREMENT BASED ON GRAIN OR SEED PRODUCED 


Rye, spring. 

Chick-pea. 

Oats: 

Canadian.,.,.., 

Burt.. 

Sixty-Day. . . . . . 
Swedish Select , . 
Wheat: ■ 

Marvel Bluestem. 
Spring Chirka. .. . 

'Kubanka. 

Kharkov.'.......'., 

' Turkey.,.':. 

Barley: 

White Hull-less. . 

'' Beardlc'ss. .... 

, Haiinchen. 

Beldi. 

Sorghum: 

Kaoliang, Brown. 

Minnesota Amber 
Millet:' 

Kursk, 

.'.Proso;' 

Tambov 

Voronezh 


Secale cereale . . , 
Cicer arietinum. 


Avena sativa . 
. . . .do. . . . . . . 

. . . . do 

. . . .do.. . . . . . 


Triticum aestivum , . 

... .do, - . . 

Triticum durum . ... 
Triticum aestivum. . 

. .'.do.'. 

Tritictira dicoccum . 


Plordeum vulgare. . . 

Hordeum distichon . 
Hordeum vulgare . . . 

Andropogon sor- 
ghum. 

.'do,. . .. 


Chaetochloa italica . 
Panicum miliaceum 

i;,'. ,',,;.'y:dp, 


I, 802 ±62 
i, 34 S±ii 4 j 

1, 4i6±ii9j 

i, 224rfc:S5 ' 
i,I72±i33| 
i; 103 ± 18 

I, 573 ±49 
1,468^:34 
I, III ±37 
1, 064 ±60 

99 S ±22 

984±i8 

I, 239 ± ii 

1,01 7 ±83 
1,005^36 
941 ±10 

927^38 

6o7±i5 

483 ± II 

482 ±9 
, 425±4 


I. 6i ±a 08 
I. 21± . 11 

1, 802 
1.348 

I. 2,7± ,12 
I. io± ,, 07' 

I. 05 ± . 1'2 
.99± . 04 

■ 229 

i.,42'± ,o,'6 
i,''32'± \ o 6 
1. 00 '' 
pd.i :".o'6' 
.'POi '04 
,-89,'± .''.'.03 

"1. 197 

i.,'ii±''. 04 
. .92 ± . . 08 
. 90± .04 

, . 84'±',' ,.',03 

■ 1. 031 

.83± .04 

. 5S± • 02 

1 767 

.43± .02 

483 

.43± -<^2 
• SSi .01 



I.:' 50, 

I. 13 


,' 3r.03 


':'.''88, 

,.'64 

''''"if 
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. a'-he relative water requirement of 'the different varieties included in the 
"d'9r'3 experiments will be found summarized on the. basis of dry matter 
in Table X,XX. and on the basis of grain production in Table' XXXI . 
Fifty-five "species and varieties w^ere included in these measurements. 
Reference to these tables will show that a number of plants had a higher 
water requirement than alfalfa, heretofore the most inefficient in the use 
of water of any plant included in these experiments. On the other hand, 
millet maintains its supremacy as the most efficient plant so far included 
in the water- requirement measurements. 

Table XXX . — Suvimary of water-requirement measurements at Akron, Colo,, inigio, 
based on dry matter produced 


Crop and variety. 


Botanical name. 


3:9 13- 


Wheat-grass, western. 

Brome-grass . .... .... ... ..... 

Ragyi'^eed, western . 

Flax... ..1..... 

Marigold, fetid. .. . . . . . ... . . . . 

Pumpkin.'., . 
Alfalfa, Grimm . ............ . 

Soy bean, wild. 

Glover, crimson. . .... 

Lamb's-quarters. ....... .... . 

Clover, red. 

Bean, horse, S. P. 1 . 15429, . . . 

Pea, Canada field 

Sunflower, narrow leaved . . . . 
Bean, Mexican. ... .............. 

Bean, horse, S. P. I. 25645.. .. .. 

Squash , . . ........... . , 

Rice , Honduras . ' . 

Rape. 

Potato, McCormick ..... 

Cucumber.;.,,;'.. ■ 

, Sunflower, annual.^ . 

,' Wheat-grass '. 

Vetch, hairy 

Bean, navy. 

.Bean,' soy,, cultivated. 

'Rotato, Irish Cobbler. . . 

"Cotton, Triumph. , 

.'Alfalfa; Peruvian. 

Turnip. .... 
'Cantaloupe. . . , .V 

Oat;.' ^ ;. , 

,' Swedi^' 'Select. .. . . . , ., , 

.' Burt.'.:..',. . . 

'Watermelon .. 

C0Wpea>" . . 

Sunflower, ' narrow-! e a v e d, ' 
from, sand' Mils. ''', 
Cabbage.'.','. ; 

Whc'at,' Kubanka.. ■ 

Cocklebur'. 


Agropyron Smithii. ....... 

Bromus inermis 

Ambrosia artemisifolia . . . . 

Vicia atropurpurea . 

Linum usatissimum. ...... 

Boebera papposa ...... . . 

Cucurbita pepo . , ....... . 

Medicago sat iva .... 

Glycine soja . 

Trifolium incamatum . . . . . 
Chenopodium album. .. . . . 

Trifolium repens . 

Vicia faba 

Pisum sativum . . . . . . . . . . . 

Helianthns petiolaris. . . . . 

Phaseoius vulgaris . . . . . . . 

Vicia faba. ..... 

Cucurbita maxima 

Oryza sativa 

Brassica napus 

Solanum tuberosum . . . . . . 

Cucumbis sativa ...... 

Helianthus annutts. 

Agropyron cristatum, . . . . . 

Vicia villosa . 

Phaseoius vulgaris ....... 

Glycine hispida 

Solanum tuberosum ...... 

Gossypium hirsutum 

Medicago sativa 

Brassica rapa. . , . ...... . . . 

Cucumis melo. 

Avena sativa. . ... ; . . . . 

. ... .do., .. . . .; 

Citmllus vulgaris. .... . . . . 

Vigna sinensis. . ... . . . . , . . 

Helianthus petiolaris . . . . . 

Brassica oleracea capitata. 
,'Triticum',dtumm;'; . 
Xanthium commune 


'"ater require- 
ment. 

Relative, as 
compared 
with Kubanka 
wheat. 

I, 076^29 

2.' 17 ±'0.06 

I, oi6±26 

'.'2*.IO± .06 

948 ±66 

', -.13 

935±9 

i.89± .03 

90 S± 2 S 

I. 82± .05 

38 i ±26 

I. 78± . 06 

834^17 

3:. 68± , 04 

834 ±S 

I* d8± . 02 

8i5±25 

1. 64,± '.05 

805 ±8 

I.62± ,02 

801 ±41 

I. 62 ± . 08 

789 ±9 

59 d: .02 

780^19 

I. S 7 d: *04 

775±5 

i.' 5 <>d; .02 

774 ± 2 o 

X. .04 

773±8 

I. 56 ± .02 

772 ± II 

X,. 56 ± .03 

748 ±8 

,x. 5x± . 02 

744 ±i 7 

X- 5 o± -04 

743 ±7 

' X- *02 

7 i 7 ±ii 

X. 45 ± '- 03 

7 i 3 ±ii 

x. 44 ± -'03 

705 ±8 

1. 42 ± . 02 

705^27 

.06 

690^8 

i. 39 ± *02 

'682 ±4 

x.38± ,02 

672^9 

x. 35'±"-02 

659^3:5 

'X- 33 ± *03 

657 ±ii 

■ ' x. 33 ± *03 

651^12 

■ i. 3 X± .03 

639^31 

I'. 29'i .06 

621^27, 

x.'a5±' ,.06 

617 ±9 

I. 2 ' 4 ± , 02 

' 6 i' 7 ±s 

,,X. 24±' ,02 

;,' , 6 o'q±;I 5 

, i.'2Xr|::,.,03 

"■"'S 7 i ±3 

', ''X;'i5±, . ox 

. 57o±ix 

"X.'xs±' >.03, 

S 39±7 

x.o9±'' ;o2';' 

49^ ±5 

1,00 

432 ±13 

. 87 i:,,::.p 3 '; 
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Table XX-X.—Smiunary of 'mater requirmient measurements at Akron, Colo., in igir 
based on dry matter prodticed — Continued 


Crop and variety. 

Botanical name. 

Water require- 
ment. 

Pveiative as 
compared 
with Kubanka 
wheat. 

Com: 




China Wliite 

Zea mays 

4^5 ±4 

0. 844-0. 01 

Bloody Butcher 


405^7 

. 824- . 02 

Northwestern Dent 

do. 

399 ±it> 

.'8o± .03 
.794- .02 

Teosinte, Durango 

Fuchlene mexicana 

3 QQ±II 

Grass, buffalo and grama 

Bulbilis dactyloides and 
Boutelona gracilis. 

389 it 12 

. 78^: .03 

China White X Teosinte 

Com : 

376±4 

• 7b± ,ot 

Hopi 

Zea mays. 1 

3So±8 

. 7i± . 02 

China White X Hopi 

do 

345 ±3 

1 70ib . 01' 

Indian Flint 

. — do. 

342 i 5 

. 69 ± .or 

Pigweed 

Amaranthus retrofiexus. . . 

32 o ±7 

• 6si *02 

Grass, buffalo 

Sorghum: 

Bulbilis dactyloides ....... 

3 o 8 ii 7 

■ .6i,± .04 

Minnesota Amber 

Andropogon sorghum ...... 

298±2 

• 60-fc . 01 

Red Amber 

do. 

2961b I 

. 59 i: . 01 

Purslane 

Portulaca oleracea 

292 it II 

• 59db'>02 

Millet, Kursk 

Chaetochloa italica. 

286±4 1 

. 58 ±, '. 01 


TabIvI? XXXI. — Summary of water-requirement measurements in XQij based on grain ^ 
tubers, roots ^ 07 frtdt produced 


Crop and variety. 

Botanical name. 

Water require- 
ment. 

Relative water 
requirement 
compared 
with Kubanka 
.wheat. 

19^3* 

Sunflower: 

Annual 

Helianthus annuus. 

6,584^383 

: 4. 83 420 .'. 29 

Narrow-leaved 

Helianthus petiolaris ..... 

S,o58±i32 

'3. 832b . IX" 

Flax. '. . 

Linum usitatissimum. .... . 

2 . 83 S±S 2 

2. 1442.". 05,' 

Pea, Canada fleld . . . . . . . . . . . . 

Pisura sativum. . . . . . . .... 

2 , 322 -hl 2 I 

.' I.. 7642'. II 

Bean, soy „ 

Glycine soja . .... . . . . .... 

2, 053*31 ; 

'1. 55 .d:''- 04 '' 

Potato, Irish Cobbler. ....... 

Solanum tuberosum ...... 

2, '02 7 ±197":'; 
1, 888 ±62 

I- S3* -16 

Bean, Mexican' . 

Phaseolus vulgaris . .... . . 

1 - 43 * -05 

Oats, Swedish Select.: , 

Avena saliva . . . . . . . . . . . . 

1.876*55 

I, 824.41237 

[1. 41* -04 

Cantaloupe. .■ 

Cucumis melo. . . ..... . . . 

. .' 'i.. 3842'' -"'I'S 

Bean, Navy. — . . ....... 

Phaseolus vulgaris . . . . . . . 

1,6464236 

;./■ 1.25:42 '.'03. 

Oats, Burt.'.. . .' 

Avena sati va . . : 

'b: 64 i'± 33 ' : 

i.:24'42',:'..03' 

Cucumber."'. .... v. 

Cucumis sativa . . 

I, 611 4=67 , 

b' 5 ' 76 ±' 3 ' 2 ':' 

/.',l. 22 ' 42.''.:05 

Cowpea. . . . . 

Vigna sinensis. .... . .... . . 

i""', I., 1942' *03. 

Turnip. . .... . . — .......... 

Brassica campestris . . ... . 

''b" 5 ' 3 ' 0 ±'t 32 

I, '322 4 :. 16, ■; 

' ,"i., 1.642,' . ,10' 

Wheat',' Kubanka. . . .. 

Triticum dumm. . . . . . . . . . 

' '"',i'.,oo' , 

'Com, Northern'' Dent. , . , . . '. 

Zea mays. . . . . . . . .... . . . . 

'','1, ' 241 '. 4277 '' 

■'' 06: 

Watermelon. 

Citrullus vulgaris 

1, 1464249 

. 87 2b; . 04 

Sorghum, Red Amber . . . . . . , 

Andropogon sorgum 

1, 1004231 

• 832fc . 03 

Com, Indian Flint. 

Zea mays. . , ..... 

8S4±3I 

. 6542 .01 

'.'Sorghum, Minnesota; Amber.. ;■ 

Andropogon sorghum 

765±i2 

. 58± - 01 
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CQMI’ARISON of the water requirement of crops at AKRON, 
COEO., IN 1911, 1912. AND 1913 


Climatic conditions at Akron during the summer of 1912 were less 
severe than during the. preceding summer. The rainfall in 1 9 1 2 was much 
greater than in 191 1, the temperature was lower, and the evaporation was 
less. These conditions were apparently due in part to a marked reduc- 
tion in the intensity of the solar radiation at the earth’s surface following 
the eruption of Mount Katmai, Alaska, early in June, 1912, the dust 
from which produced a haze in the upper atmosphere. Abbot and Fowle 
(1913) observed a maximum reduction in the solar radiation of about 20 
per cent at Bassour, Algeria, and at Mount Wilson, Cal., Kimball (i 913a, b) 
reports an average reduction of 17 per cent in the intensity of the solar 
radiation at Mount Weather, Va., during the last half of 1 91 2, while Briggs 
and Belz (1913) have shomi that there w^as a general reduction in the 
evaporation from a free-water surface during the summer months follow- 
ing the eruption. It is consequently of interest to deteimine whether the 
diminution in the intensity of the solar radiation was accompanied by a 
reduction in the water requirement in 1912. Such a comparison is possi- 
ble in connection with the Akron experiments, since a large number of the 
varieties employed in the experiments of 1911 were also included in the 
1912 measurements. All varieties showed in 1912 a marked reduction 
in the water requirement as compared with 1911. The measurements 
for each year are given in Table XXXII, together with the ratio of the 
1912 to the 1911 measurements. The 1912 measurements show an aver- 
age reduction in the water requirement of 2 1 ± 2 per cent for the 2 5 varie- 
ties tested during both years. The individual ratios fluctuate somewhat, 
doubtless owing in part to errors of experiments,^ but in part also to the 
different response of individual varieties to changed climatic conditions. 


It slioiild' be mentioned here that the plants were fertilized in 1912 and not in 1911. This is a matter of 
importance in this connection, because it is well established that any deficiency in plant food increases 
the water reanirement. The, effect of' the addition of fertilizer on the water requirement was measured' 
both years. The use of fertilizer resulted in a slight reduction (6±2,3 per cent) in the water reciuireinent 
of Kubapha. wheat, at Akron in 1911,' comparing, pots 7 to 12, fertilized, with pots, i to 6, unfertilized. , 11 iese 
pots stood side by side in the , inclosure. (See Brig'gs and Shantz, 1913a, p. 19.) In 1912' the fertilized 
Kubanka,, wheat plants showed a slight increase in water requirement—namely, si 2.3 per cent, coxnpar* 
mg 'pots X to 6, against pots r to 12., The differences in each instance are without significance when the 
errors are ,considered and are furthermore of opposite sign, so that the addition' Of fertilizer may be con- 
sidered to have had no effect on the water requirement, so far as Kubanka wheat was concerned. liich 

,,OTface soli from the, same, 'source was employed in the experiments of both years. , 
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Table XXXII . — Comparison of water-requirement measur&fnenis at Akron^ Colo.; in 

igxi and igi2 


Crop. 

Water requirement. | 

Ratio, 1913 
to 1911. 

19x1. 

1912. 

Wheat: 




Kubanka 

468±8 

394±7 ' 

0, 84zto. 02 

Bliiestem. 

53 i ±5 

4 Si ±4 

.85± .01 

Spring Gliirka 

So 6±3 

4 S 7±3 

• 90'i: , 01 

Enimer 

534 ±I 4 

4284:3 

. 8o± . 02 

Oats: 




Sixty-Day 

60s ±5 

49 I±I 3 

. 81 ± .02 

Burt 

639±7 

449±3 

. 7o± . 01 

Canadian 

598 ±14 

399±6 

. b7'± . 02 

Swedish Select ? . . . . 

6 i 5±7 

423 ±S 

. 6 gdz , 01 

Hamichen 

527±8 

t 

443 ±3 

. 84dr . 01 

Beldi 

S 43±2 

4 i 6±4 

1 . . 01 

White Hull-less 

542 ±3 

439 ±i 

1 8 i± . 01 

Beardless 

S 44±9 

403^:8 

. 74A; 02' 

Bye, spring — 

724±7 

49^±9 

. 69 d: > 01 

Corn: 




Northwestern Dent 

368± 10 

28o±IO 

• 75 ±: - OS 

Iowa Silvermine 

420±3 

302 ±7 

. 72,dz' . 02 

Bsperanza 

Sorp-hiim* 

3 i 9±5 

239±3 

. 79 * 01 

tLJlXi • 

Red Amber. 

298±4 

237 dz 4 

.' 8o± . 02 

Milo, Dwarf 

333±3 

273 ±4 

. 82d:,, .02 

Kafir, Blackhull 

278^5 

2 S 9 ±s 

. 93±".02 

Durra, White 

32i±2 

255 ± 3 ', 

. 79 ± - or 

Kaoliang, Brown 

301 ±$ 

223 ±I 

. 74 ± . 01 

Millet, German. ........... — .... — ... 

263 rhiS 

248 db 7 

. 94 ± 405 

Kegumes: 




Alfalfa. 

I, 068 ±16 

659±6 

. 62± . 03 

Clover, sweet ...... 

709 ±9 

638±4 

. 9odh ■ . 02 

Beet, sugar. . ...... . — ..... ... . . . . . . . ... . . . 

377 ±8 

321 ±8 

.8s ±.03 

Mean water-requirement ratio for 1912 to 







. 79 ± - 02 

• ' • 



Mean evaporation ratio for June, July, and 




August,' 1912 tO' 1911 . 



• 75 i -03 





Evaporation measurements from a free-water surface at Akron are 
also available for 1911 and 1912 (Briggs and Belz, 1910, p, 17). The 
ratio of the evaporation in 1912 to that in 1911 by months is as follows: 
June, 0.69; July, 0.78; August, 0.79. The average ratio during these 
three months is 0.75 db o-03. This corresponds to a reduction of 25 ±3 
per cent in evaporation as compared with a reduction of 21 ± 2 per cent 
in the water requirement. The change in the water requirement of 
these 25 varieties taken together is seen to be in approximate agreement 
with the change in evaporation from a free-water surface. A consid- 
eration of the individual ratios indicates, however, that different varie- 
ties may respond quite differently to the same change in climatic con- 
ditions. 

To investigate further the variation in water requirement due to 
differences in climatic conditions, a number of varieties were also 
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included in the measurements of both 1912 and 1913. The ratios of 
water requirement of these crops in 1913 to that in 1913 are given 
in Table XXXIII. Similar ratios are also given for crops grown in 
191 1 and 1913. It will be seen that the mean 1913-1911 ratio approxi- 
mates unity; in other words, the mean water requirement of the crops 
under investigation was practically the same for both years. The 
water requirement in 1912 is seen to be far below the 1913 value, the 
mean ratio being 0.75 ±0.01. The mean ratio of the monthly evapora- 
tion for June, July, and August, 1912, compared with 1913,13 o.8o± 
0.02, which is in approximate agreement with the ratio of the water 
requirement of crops grown during the two years. 

The crops at Akron as influenced by climatic conditions in 1911, 1912, 
and 1913 may then be summarized as follows: 

Tabi,e) XXXIII . — Comparison of the water requirement of the same crops at Akron^ 
Colo., igii, igi2j and igi^ 


Water requirement. 


1913 to 1911. 


Wheat, Kubanka. 468 ±8 

Oats:: - , 

Swedish Select. 6i5±7 

Burt. 639db7 

Com: 

Northwestern Dent. ..... 368^10 

Hopi 

China White ........... 

Sorghum: 

Minnesota Amber. 

Red Amber ............. 298^4 

Millet, Kursk. 

Legumes: ' 

AlMfa, Grimm i, o68±i6 

Pea, Canada field 8oo± 17 

Potato, Irish Cobbler 44S ±11 

'Cotton . . "... . . ............. . . ... .... 

' .Rice. '.'. v. - : 

"Mean water requirement 

'■ ratio. . , . 

Kvaporationininchesfor , , , 
three summer months . 28. 46 


423±5 m 5 i 7±9 


28 o±io 399 dri 2 1.08 

^S 5±7 358^8 

3iSd:7 4ibd:4 


239 dz 2 298^2 
237±4 296^1 


657 ± IX S 34 ±S .77 

775 d: 5 '' ,-97 

659^15 1.47 

488i;i4 6 s7±xx ...... 

49<5±9 744d:X7 


i. 04±. 04 

.94^.04 


The conditioiis dMng X91X and j were such as to give rise to prac- 
tically the same water requirement. The water requirement of crops 
.grown' in ■ 1 9i'2 ...was. on,' the average;, only 79 ±.2 ' per. cent of crops growU' in 
,1911 and7.5'i: 2:per cent of crops grown in 1:913, .'Therefore, in "order" to 
determine the relative water requirement of the different crops, it appears 
Justifiable to increase the 1912 water requirement ratios by the reciprocal 
of 0.77 — namely, 1.3* This procedure has been followed in the summary 
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table ' (Table XXXIV) , which places the water requirement of 'all ci-ops 
upon the basis of years similar to 1911 and 1913. When the .water- 
requirement measurement of any particular crop extended over more 
than one year, the mean value of the several water-requirement deter- 
minations is given in Table XXXIV. 

SUMMARY 

This paper deals with the measurement of the water requirement of 
plants at Akron, Colo., in the central portion of the Great Plains, The 
term “water requirement” is here used to express the ratio of the water 
absorbed by a plant during its period of growth to the dry matter pro- 
duced. The plants were grown to maturity in large galvanized-iron pots 
having a capacity of about 1 1 5 kg. of soil. Each pot was provided with a 
tight-fitting cover having openings for the stems of the plants, the annular 
space between the stem of the plant and the cover being sealed with wax. 
The loss of water was thus practically confined to that taking place 
through transpiration, and the entrance of rainfall was almost wholly 
prevented. The pots were weighed two or three times weekly to deter- 
mine the amount of water required to maintain normal weight. Water 
was delivered from 2-iiter calibrated flasks through stoppered openings in 
the middle of the cover to a 5-inch flowerpot sunk in the soil immediately 
beneath the cover. 

To protect the plants from birds and severe wind and hail storms, it 
was found necessary to conduct the experiments in a screened inclosure* 
Pyrheliometric measurements showed that the inclosure reduced the 
radiation about 20 per cent. Water-requirement measurements con- 
ducted simultaneously with the same plants inside and outside the 
inclosure showed that the inclosure also reduced the water requirement 
approximately '20 per, cent. 

Rich surface soil was used in the pots, and the pots were also fertilized 
to insure an adequate supply of plant food. Six pots of plants of each 
variety were used, and the water requirement of each pot was deter- 
mined independently, in order to provide a basis for the determina^^ 
of the probable errors of the experiment. 

The detailed results given in the paper comprise measurements of 44 
species and varieties in 1912 and 55 in 1913. The writers' 1 91 i measu^^ 
meiits have also been included in the summary table. The years 1 91 1 
and 1913 were similar in character, and the same plants grown during 
both years gave practically the same water requirement. The year 
1912 was cooler and the evaporation and light intensity were much 
lower. These conditions had a marked influence on the water require- 
ment, the mean water requirement in 1912 being onl}^ 77 per cent of 
that in 1911 and 1913. In order to place all of the determinations 
upon a comparative basis, the 1912 measurements have accordingly 
been increased 30 per cent in the summary table (Table XXXIV). . 
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Tabi^,;® ^XXXIV .-— of waier-reqiiirement determinations at Ahron, Colo,, in 
jgxi, igi2^ and Tprji based on the production of dry -matter 


Plant, 

Botanical name. 

GRAIN CROPS. 


Pioso: 



Panicum miliaceum ...... 


do 

VoTniiiPT:!!, T). 234 - 

do. 

Millet: 


Kursk, S* P. I. 3002Q. . . . 

Chaetochloa italica 

T<rijif 5 i 1 <' S- P T. 2 ' 17 '^‘f - - . . . 

do 


. . , . .do 

OermaTij S- P- 1- 26841^ .... 

. . . . .do 

P„ Xt 20(^94 - . - 

. . . . .do 

Sorglium: 

Kafir, Dwarf Blacldiull, 

Andropogon sorghum 

C.1.340. 


Kaoliang, Brown, S. P. I. 


24993. 


Kafir, iJlTiite, C. I. 370 * . . . 

do. 

Bed Amber, S. P. 1 . 17563 . 

.... .do. 

Kafir, Early Blackbull, 


C. 1.472. 


MiiTnf*snta. Amhpr, A. D. I, 

.... .do. 

'■ 34 I-I 3 *' 


Kafir, Blackbull, S, P. I. 

.... .do 

2497 S- 


Milo, White, C. I. 365 

. . , , .do 

KafirXDurra, C, "l. 198- 

.....do... 



Eetenta, C. I. 182 

.... .do 

Milo, S. P- I. 24960. . . . . . . 

do. 

Durra, ..White,' S. P. I. 

.... .do. 

' .. 24997- 


, . Milo, ' Dwarf, S. P. .1. 


■24970. 4,"" 


' , '4 Sudan , grass, S. P. .1. 


' 25071. '4 


Com; \ . 


Esperanza 

Zea mays 

China Wliite X Esperanza . 

.... .do. 

; Indiait' Flint . .. .. . . . 


■ . China White XHopi 

.... .do. 

■ Hopi. . . .......... 

.... .do. .................. 

China White XDaguna. . . . 

. . . . .do. 

'. "Northwestern Dent. .... . . ... . 

.... .do. 

. '.Dagtina.... ■.■., . .■ 

. . . . .do. 

.'Bloody B.utcher. v'. . . . . , 

.... .do. 

■ 'Iowa Sily ermine . ........... 

. .. . .do. . . 

China'White. . .'.4..','. . 

. . . . .do. . . 

lieosmte:;, 


, ; China ■'P/h.ite.XTeosinte .■ .".■ 


'"■' '.'.'Teosinte... 

Euchlaena mexicana 

Wheat: 


Turkey, C. I. 1571. ...... . . 

Tritictiin aestivum. : . . . . , . 

Kdiarkoy, 'C.. 1 . 1 5.83 

.. . .do.,.. '.i'''.. 

Kubanka, C. I. 1440 

Triticum durum. 

Oalgalos, C. I. 2398 

Tritictim aestivum, 

Emmer, C. I. 2951 

Triticum dicoccum. . . ... 

Spring Ghirka, C. I. 1517. . 

Triticum aestivum 

MaryelBliiestem, C. 1. 30S2 



Ni-ira- 
ber 
of ob- 
serva- 
tions. 

Water reqi.ii rcniei.it . 

Of species or 
varict>% 

Jrleaii 

of 

gOTltlS. 

Years. 

I 

26S±i 

1 

I 

2 70 Ax 

293 

I 

341 A 10 

j 

I 

261A15 

j 

2 

265±3 


I 

287 A 2 

310 

2 

293 A 9 


X 

444 A 9 

J 

X 

28SA3 


2 

■296A2 


I, 

297 A 4 


3 

301 A2 


I 

302 A 13 


2 

305A2 ' 


2 

308A4 

. 322 

I 



I 

'32I±5 


I 

'323 A4 


X 

324A4 


I 

327A2 


2 

344i3 


X 

467 A 9 


2 

33:S±3 


I 

32s A 2 


' i: 

342AS,, 


' I 

34 5 ±3 


2, 

'36'xA6 


I 

37 ^±i 

A 368 

■ 3 

377 ±7 


■ X 

3 84 A 8 


I 

4oS±7 


2 

,40,7 As 


2 

■■: 4I3;±S 


','■1 

'376±4 

} 383 

: ", X 

■ 390 A II ' 

I' ' 

'■,' " '473±8 ■■' 


I '' 

"475'±S"' 


3 

492 A 4 


X 

49<^±4 

■ S13 





3' ' ■ 



"■','' ,',55,9^4: 
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Tabli^. XXXiV.—Swwmarj of water-requirement determinations at Akron, Colo'., in 
xgxii XpX2, and JpiJ, based on the production of dry matter — Contiiitied 




Num- 

Water requirement. 

Plant. 

Botanical name. 

of ob- 
serva- 
tions. 

0! species or 
variety. 

'Mean 

"of 

gentis.. 

GRAIN CROPS — continued. 

Barley: 


years. 



Hanncheii, C. I. 531 

' Hordeum distichon 

2 

302 ±4 

1 

Beardless, C. I. 716 

Hordeum vulgare. 

2 

534±7 ' 

1 534 

Beidi, C. I. 190 


2 

542 ±3 

White Hull-less, C.I. S9S- • 


2 

556d:2 

1 

Buckwheat. 

Fagopyrum fagopyrum. . . . 

I 

578 ±i 3 

578 

Oats: 



Canadian, C. I. 444 

Avena sativa 

2 

559±8 

1 

Swedish Select, C. I. 134. 

do, 

3 

: 594 ±4 

1 

Burt, C. I. 293 


3 

613 ±3 

Sixty-Day, C. I. 165. 

do 

'2 

622 ±9 

j 

Rye, spring, C. I. 73 

I Secale cereale 

2 

685 ±7 

685 

Rice, Honduras, C. 1 . 1643 

Oryza sativa 

2 

710-fcxS 

7 1 O''" 

Flax, North Dakota, No. 155. . 

Binum usitatissimum 

I 

90 S± 2 S 

9 °S 

OTHRR CROPS. 

Beet, sugar: i 





Morrison-grown Klein- 

Beta vulgaris 

2 

397 ±6 

;,V '397 

wanzleben. 

Rotate: 



Irish Cobbler. ...... 

Solanum tuberosum. 

2 

5 S 4±9 

} 636 

McCormick ...1 


I 

7 i 7 ±ii 

Crucifers: 




Cabbage, Early Jersey, 1 

Brassica oleracea capitata. 

I 

S 39±7 


Wakefield. 




1 640 

Turnip, Purple-top. 

Brassica rapa 

I 

639 ± 3 i 

Rape 

Brassica napus — ........ 

I 

'■ ' 743 ±7; 

J 

Cotton, Triumph 

Gossypium hirsutum ....... 

2 

646±ii 

646 

Cucurbits; 





Watermelon, Rocky Ford . . 

Citrullus vulgaris 

: ■ 'I' 

6oodbx5 

600 

Cantaloupe, Rocky Ford. . 

Cucumis melo. ............ 

; I'' 

'62 id: 27 

} 667 

Cucumber, Boston Pickling 

Cucumis sativa. 

' , r 

, 713d: II;' 

Squash, Hubbard 

Cucurbita maxima. ........ 

I 

748 d:8, , 

} ; 79 I 

Pumpkin, common field . . 

Cucurbita pepo. ....... . . . 

X 

' ■, 834 d:'X, 7 ' 

Begumes: ' 

Vigna sinensis. .. . — . . , . 


. 57 ^ 3 '''' 


Cowpea, Sv P. I. 29282. . . . 


' : 571 

Chick-pea, ■ S. P.,I. 24322..' 

Cicer arietinum. . . .... .... . 

'x 

,,663;d:i8: 

y : '663^ 

Bean, navy 

Phaseolus vulgaris. 

I 

' 682 d:4' 

} 728 

Bean, 'Mexican. . . 


, 'I'v'; 

' 773 "±S'''' 

Bean, soy, S. P. I.;2i7'3:5. . 

Glycine hispida . . . . . . . . . . 

' 'I",' 

,;'%2d:'9 ''' 

]■ 744 

■ ' , Bean, 'soy (wild) P. I .' 

Glycine soja. 

■■ .x' 

"''■' 8 lS'd: 2 - 5 ;' 

, ', 25x38.: 

Melilotusalba. .. .. .. .. . . . , 




Clover, :sweet,S.P.1.2X2i6 

2 

71 o±S' 

!'' '770 

' ' Pea, Canada field, S. P'.'I., ■ , 

Pisum sativum . ...... , . . . 

1 

775 '^±, 5 ;\;''; 


'v'" 30^54* , 

Pea, Canada fieldrSvP. I. 

'.'do.:.., V. 

'"■I 

.. :''8ood:l7'':,' 

il 788 

■ '■ 2263:7:.:' ■ 

Vicia viilosa. . . . . . . . . . . . . . . 


69od:8 

J 

Vetch, hairy, S. P. 1 . 34298 



■■ Bean, horse, H.'P. I.:'25645 

Vicia faba.;'''. . . A . 

I 

772±ii 

[ 794 

Bean, horse, S. P. 1 . 15429. 


X 

780 d: 10 

Vetch, purple, S. P. I* 
18131. 

Vicia atropurpurea 

1 

93 S ±9 

J 

Clover, red, S, P. I- 34869. 

Trifolium repens 

I 

789 d :9 

1 

Clover, crimson, S. P. I* 
33742. 

Trifolium incamatum 

1 


[ 797 
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Tabi^B XXXIV. — Summary of water-requirement determinations at Ahron, Colo., in 
igili igi2, and igij, based on the production of dry wa/fer— Continued 




Nxim- 

Water recp,iireiiieiit. 

Plant. 

Botanical name. 

ber 
of ob" 
setva- 
tions. 

Of species or 
variety. 

Mean 

of 

,geijus. 

OTHEK. CROPS — contintied. 

Legumes — Continued . 

Alfalfa, Peruvian, S. P. I. 

Medicago sativa 

Years. 

I 

651^:12 


30203. 



844 db 8 


Alfalfa, Crimm, A. D, I. 


2 


H-23-20--52 . 

Alfalfa, 3''ellow-fiowered- . 

Medicago falcata 

I 

86s ±18 
963 ±9 

■ ■ 831 

Alfalfa, Grimm, S. P. I. 

Medicago sativa 

2 


23695- 

Grasses: 





Wlieat-grass 

Agropyron cristatum 

I 

705 ±27 

1 S61 

Brome-grass . 

‘Bromus inermis 

I 

I, oi6±26 

' N-AXIVE PLANTS, 





Tumbleweed — 

Amaranthus graeeizans. . . . 

I 

277±4 

} 287 

Pigweed 

Amaranthus retroflexus . . . 

, ■ 2 

297 ±4 

Purslane. 

Portulaca oleracea 

I 

292±XI 

292 

308 

Grass, builalo . ...... . . . .... . . 

Buibilis dactyloides. 

I 

aoSrfciy 

Thistle, Russian. . ........ — . ^ 

Salsola pestifer 

I 


336 

Grass, buffalo and grama. 

/Buibilis dactyloides. 

fBouteloua gracilis ' 

} ^ 

389^:12 

389 

Gocklebur 

Xanthium commune. ..... 

, X 

432 ± 13 ',' 

432 

Gumweed. . . . ................ 

Griiideli a squarrosa 

I 

60S ±23 

608 

Sage , mountain 

> Artemisia frigida. .... 

I 

6i6zbiS 

616 

Sunflower Y Akron). 

Helianthus petiolaris. 

X 

774A20 

1 

Sunflower (sand hills) 

.do 


'S70:txx 

f 683 

Stiiiffower. 

Helianthus aiinuus 

X 

705 A 8 

LambVquarters. 

Chenopodium album ...... 

I 

801 ±4X,, 

Sox 

Marigold , fetid 

Boebera papposa, 

I 

88xi26 

8<Si 

Ragweed, western 

Ambrosia artemisifolia 

I 

948 ±d6 

948 

Wiieat-grass, western. ......... 

Agropyron vSmithii. ....... 

I 

X, 076^29 

I, 076 


/The' resiilts ' giveii in the siirnmary table (Table, XXXIV) therefore 
represent the water requirenient of the plants for years similar to xpti 
and 1913, when grown in a screened inclosttre, which reduces the solar 
radiation to 80 per cent of its normal value. According to measuretiients 
made Avith wheat, alfalfa, and cocklebur, the removal of the inclosttre 
would increase the water requirement as given in the table by 25 per 
cent. ' "The 'plants grown 'outside.the: inclpsure. we,re isolated and,' freely 
;'exposed,:while' plants 'under ,field conditions rnutually protect.'and' shade 
one another,;' to :Som'e , extent. ,■ Compari'son with wheat plants grown in 
pots sunk in trenches indicates that the inclosure measurements, at 
least in the case of wheat, are less than 10 per cent below the water 
requirement of plants exposed under field conditions. 

The measurements in Table XXXIV represent the relative water 
requirement of the different plants tested, subject to the limitations 
imposed by the difference in the growth period of the plants, Idic 
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measurements in 1912 would also indicate that the character of the 
season influences, the water requirement of some plants more' ' than 
others.. For this reason, where the results of two or more years have 
been combined in the table, the probable error has been confined to the 
errors of experiment and does not include the fluctuations in water re- 
quirement due to the season. 

In order to facilitate comparison, the plants have been arranged 
under three main heads; Grain crops, other crops, and native plants. 
Under /‘Grain crops” are also included certain sorghums and millets 
which are usually grown for forage. Under the heading “Other crops” 
are included principally the legumes, cucurbits, crucifers, sugar beets, 
cotton, and potatoes, as well as some of the introduced grasses. Under 
the heading “Native plants” are listed indigenous species, as well as 
certain introduced species which have become thoroughly established. 

The grain crops fall rather naturally into two sections: Those of low 
water requirement— proso, millet, sorghum, and corn- — and those of high 
water requirement — ^wheat, barley, oats, rye, and flax. The plants with 
a comparatively low water requirement are late-maturing crops, which 
make their best growth during the hottest and driest portion of the 
summer. The plants having a comparatively high water requirement 
mature during midsummer and make their best growth during-the earlieti 
cooler period of the year. The range in water requirement of the first 
group is from 261 for Kursk millet to 468 for Sudan grass, while the 
range in the second group is from 473 for Turkey wheat to 905 for flax. 

Representing the water requirement of proso as T, the water require- 
ment of the grain crops is as follows: Millet, 1.06; sorghum, 

1.26; teosinte, 1.34; wflieat, 1.76; barley, 1.83; buckwheat, 1.98; oats, 
2.04; rye, 2.34; rice, 2.42; and flax, 3.38. In other words, flax requires 
more than three times as much water and rice more than twice as much 
water as proso and millet in producing a pound of dry matter. 

In the second group sugar beet ranks first, having a water requirement 
almost as low as corn. Potato ranks next, followed by crucifers, cucur- 
bits, legumes, and grasses, in order, A wide range is shown in each of 
these families. The groups as a whole sfaow^ a range somewhat less than 
the grain .groups. ; ■ 

Representing the water requirement of sugar beet as i , the values for 
the “Other crops,” exclusive of the legumes, are as follows: Cabbage, 
1.36; Irish Cobbler potato, 1,39; watermelon, 1.53: ; cantaloupe, 1,57; tur- 
nip, 1.60; cotton, 1.63; cucumber, 1.80; wheat-grass, 1.85; rape, 1,87; 
squash, 1.89; pumpkin, 2.10; and brome-grass, 2.56. 

The cowpea was the most efficient of the legumes. Representing its 
water requirement by i, that of the other legumes is as follows: Peruvian 
alfalfa, 1.14; chick-pea, 1.16; soy bean, 1,18; navy bean, 1.20; hairy 
vetch, 1.2 1 ; sweet clover, 1.35; Mexican bean, 1.35; horse bean, 1.36; 
red clover, 1.38; Canada field pea, 1.38; crimson clover, 1.41; wild soy 
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bean, 1.42; select Grimm alfalfa, 1.48; yellow-flowered alfalfa, 1.51; 
purple vetch, 1.64; and imselected Grimm alfalfa, 1.69, 

.""'"'The native plants, show a range in water requirement greater even 
than the cultivated crops. Amaranths, buffalo and grama grasses, 
purslane, and Russian thistle have a low water requirement and com- 
pare favorabl}?' with millet and sorghum, v/hile sunflower, fetid marigold, 
western ragweed, and western wheat-grass have a high water requirement 
about equal to that of alfalfa. 

Representing the water requirement of tumbleweed (Amarantkus 
graecizans) as unity, the water requirement of these native plants is as 
follows: Purslane, 1.05; pigweed, 1.07; buffalo grass, i,ii; Russian 
thistle, 1. 21; buffalo and grama grasses, 1.40; cocklebur, 1.56; gumweecl, 
2.20; mountain sage, 2.22; sunflower, 2.56; narrow-leaved sunflower, 
2,80; lamb’s-quarters, 2.89; fetid marigold, 3.18; western ragweed, 3,42; 
western vrheat-grass, 3.89, 

Varieties of the same crop often differ widely in water requirement. 
In the case of barley, the variety having the highest water requirement 
was 8 per cent above the low^est; oats, ii per cent; wheat, 18 per cent; 
proso, 27 per cent; corn, 31 per cent; vetch, 35 per cent; alfalfa, 48 per 
cent; sorghum, 60 per cent; and millet, 70 per cent. This wide range 
in water requirement among the varieties of many crops encourages the 
belief that strains may yet be secured which are still more efflcient in the 
use of water than those now grown in dry-land regions. 
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PI.AI'B I 


F I.-— Genml view of tlie plant mclosiire^^^^ Golo,, showing tlie pipe 

framework covered with a hail screen, with, the board base stixmounted by a single 
width of cheesecloth to protect the plants against high winds. Photographed on July 
■15,1912. 

Fig. 2.-~<}eneral view inside the inclostner showing the arrangement of pots and 
general conditions of growth. Com and sorghums are shown in tlie foreground, small 
grain in the background. Photographed on July 3, 1912. 

Fig. 3.— General view of the inclosure photographed shortly after the grain in some 
of the pots had been harvested. Photographed on September 4, 1912. 

■.•^ (64)- ■ 
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PLATE II 


Fig, I. — Pot planted witli sugar beets, showing the wax sea! around the plants and 
also the sealed holes where stand was not perfect. 

Fig. 2. — ^Weighing pots, showing spring balance, weighing support, and ge:neral pro- 
cedure . Two men operate the w^eighing support, one of whom lifts the pot by means 
of a windlass, while a third reads the balance and records the weight. By this method 
weighings can be made at the rate of two per minute. 

Fig. 3 . — Grindelia squarrosa (gumweed) at left (pot 164), and Arfmisia frigida 
(mountain sage) at right (pot 167), illustrating the growth of native plants used in the 
water-requirement measurements. Photographed on July 29, 1912. Water require- 
ment of Grindelia, 468r!::i8; of Artemisia, 474^14, 

, 60300 ^— 14 — --5 ■ ■ . 



V, PIRATE III '■ ' ■ ' 

;Fig. 'i.*Kmba3aka' wlieat,. (pots i to 6),. grown May '9- to September 3, 1912 . , 'Photo- 
graphed on July 19, ipiav Water requirement, 394:^7* : ' 

Fig. 2.-^W1iite Hulidess' barley -(pots 103 to ■rpS), .growtiMay 16 to August '12, 1912. 

: I%otographed on July : 19, ' 1912 ; , Wato 

" Fig. 3.--“Kubanka,wheat :(pots i2:to.;iS),/^ ■■■Set grown ''outside of: shelter,' May 9 to 
August 31, 1912 . Photographed on July 26, 1912. Water requirement 507^13. 

Fig. 4.~Emmer (pots 61 to 66), grown May ii to August 12 , 1912 . Photographed on 
July 19, 1912. '..'.Water requirement, ■428±:^ 

Fig, 5.— Swedish Select oats (pots 85 to 90), grown May 17 to August 23, 1912. Pho- 
tographed on July 26, 1912. Water requirement j 423:^5. 

Fig. .6.~~Kharkov \vheat'(pots.-37'ta .42)', grown April 27.10 August 28, ' 1912, Photo-' 
graphed on July 29, 1912. Water requirement,'- 365^:6. 
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PIATE IV 

Fig, I, — ^Northwestern Dent corn (pots 277 to 282), grown Jutie 9 to SeptembentJ, 
1912. Photographed on September 6, 1912. The lower leaves were piclced off as 
they became dry and placed in bags attached to tlie pots, thus avoiding loss of dry 
matter. Water requirement, 2 80 ±10. 

Fig, 2. — ^Hopi corn (pots 295 to 300), grown June 12 to September 26, 1912. Pho- 
tographed on September 9, 1912. The lower leaves were picked o€ as they became 
dry and placed in bags attached to the pots. Water requirement, 285^7. 

Fig. 3. — White durra (pots 235 to 240), grown June 9 to September 26, 1912. Pho- 
tographed on vSeptember 6, 1912. The lower leaves were removed as soon as they 
became dry and placed in bags attached to the pots. Water requirement, 255^3. 

Fig. 4.— Red Amber sorghum (pots 253 to 258), grown June 29 to September 27, 
1912. Photographed on September 7, 1912. Water requirement, 237±4. 

Fig. 5. — Minnesota Amber sorghum, (pots 247 to 252), grown June 9 to Septemte 26, 
1912, Photographed on September 9, 1912. Water requirement, 239^2. 



PI.ATE . V . 

Fig, I.— Sudan grass (pots 211 to 216). First crop, grown May 28 to July 26, 1912. 
PFotogmplied on July 25, 1912. Water requirement, 312^:3. 

Fig. 2;— YoronezH proso (pots 199 to 204), grown June 5 to August 20, 1912. Hio- 
tograpFed on July 29, 1912. Water requirement, 2 o6± I. 

Fig, 3.-— Kursk millet (pots 205 to 210), grown June 9 to August 20, 1912. Plio- 
tograpkedon July 30, 1912 . Water requirement, 187^2. 

Fig, 4.— Select Grimm alfalfa (pots 139 to 144), grown in the open, May 24 to July 
27,1912. Photographed on July 26, 1912. Water requirement, 745^22. 

Fig, 5, —Select Grimm alfalfa (pots 133 to 138), grown in the shelter, May 24 to 
July 26, 1912. Photographed on July 26, 1912. Water requirement, 600 db 17. 










PLATE VI 


Fig. I Cowpea (pots 1 51 to 156), grown June 17 to August 26, 1913 . Pliotogtaplied 
on July 26, 1913. Water requirement, 571 ±3. 

Fig. 2. — Hairy vetch (pots 181 to t86), grown May 29 to July 18, 1913 . Photographed 
on July 17, 1913. Water requirement, 672^9. 

Fig. 3, —Soy bean (pots 193 to 198), grown June i to August 26, 1913 . Photographed 
on July 26, 1913, Water requirement, dpoiS. 

Fig. 4.— Cantaloupe (pots 325 to 330), grown June 14 to September 13, 1913, Pho- 
tographed in place on July 26, 1913. Water requirement, 778 ±34. 

S'~”^3idian Flint corn (pots 253 to 258), grown June 7 to August 27, 19x3, 
Photographed on July 26, 1913. Water requirement, 342 ± 5. 

Fig. 6. — McCormick potato (pots 121 to 126), grown June 5 to October 4, 1913. 
Photographed on July 26, 79 13- Water requirement, 7i7± 2x/ 



PIATB VII 

Mg. i.>— Tflumpli cotton in belter (pots 163 to 168), grown May 29 to September 
x6, 1913. Photographed on September 15, 1913. Water requirement, 657^x1. 

Fig. 2.---Bodera papposa, grovra July 25 to September 17, 19x3. Photographed 
on Septeuiber 15, 19^3* Water requirement, 881 ±26. Helianthtis petiolaHs in back- 

'grotmd.'."''''- 

Fig. 3.—Rice in belter (pots 157 to 162), grown June 12 to September 16, 1913, 
Photographed on September 15, 1913. Water requirement, 744^1 7. 

Fig. 4.--General view of the shelter, showing emmer at the left and White Hull-less 
barley at the right. Photographed on July 3, 1912. 

Fig, 5.— General view in the shelter, showing com in the foreground. Photographed 
on September 6, X912. 
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HEART-ROT OF OAKS AND POPLARS CAUSED BY 
POLYPORUS DRYOPHIEUS 

By Georgia G. Hedgcock, Pathologist, and W. H. IvONG, Forest Pathologist, Investi- 
gations in Forest Pathology, Bureau of Plant Industry 

INTRODUCTION 

The oaks {Quercns spp.) of the United States are diseased by a number 
of species of fungi which attack the heartwood. Von Schrenk and Spauld- 
ing (1909)^ briefly described some of these diseases and also a piped rot 
of the heartwood of oaks and chestnuts {Casianea dentaia) the cause of 
which was unknown to them. In 1909, the senior writer found Poly poms 
dryophilus constantly associated with a whitish piped rot of several spe- 
cies of oaks in the southwestern and western United States. This rot was 
much like that described by Von Schrenk and Spaulding and w^'as identical 
with that of specimens in oak collected by them. Tater observations by 
the senior writer established the causal relation of Poly poms dryopkilm 
to this piped rot. 

The junior writer in 1913 found a second form of piped rot caused by 
Poly poms pilotae in the heart-wood of the root and basal portion of the 
trunks of oaks and also in chestnuts. This was identical with the rot in 
chestnut trees figured and collected by Von Schrenk and Spaulding. 

The oaks of the southwestern and western United States are not used 
to any extent for lumber and timbers and are, as a rule, valuable onlyfor 
fuel. This is due to the rotted condition of the heartwood in the larger 
and older trees. For example, the trunks of the valley oak {Qmrcus 
lobata) f which attains a large size in the valleys of central California, are 
usually either badly decayed or hallow and are of no value except for the 
poor grade of fuel they furnish. The senior writer in 1909 asGertained 
that Polypofus dryophilus was the chief cause of the deterioration of the 
oaks of the western United States. Meinecke (1914) reports a destruc- 
tive heart-rot of oaks caused by this fungus in California and Nevada, 
and data by him wilt be cited in the section on the distribution of the 
fungus. In Arizona and New Mexico the oaks are diseased in the heart- 
wood nearly as badly as in California and Oregon, and P. dryopMlmfnth^ 

' common cause of decay. , ' Tn these States oaks are usually small and 
: valuable only .for fuel.,, ■, 

In TexaS' and', the' 'adjacent' States' -of Oklahoma:' and Arkan^S',/ the 
'/■piped/rot, produced, "by this ' fungus IS' very .«mmon,:'''and' among;, pother '' ', 

1 Bibliogmpliic citations in parentheses refer to **I4teratt!re dted, " p, 77. 

2 nomenclature for trees used in this paper is that of George B. Sndwortli ( 1898). 
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species the valuable white oak (Qtiercus alba) is commonly attacked. 
To the east and north the fungus has been found less frequently, but it 
occurs in many sections. 

From observations and estimates Polyporus dryophilus ranks with the 
most common heart-rotting fungi which attack the oaks. In 1912 the 
senior writer found aspens {Populus iremuloides) in Colorado attacked by 
this fungus. It apparently is not commonly found on this host. 

PIPED ROT CAUvSED BY POLYPORUS DRYOPHILUS 

The w^hitish piped rot caused by Polyporus dryophilus has been found 
by the writers to be directly associated with the sporophores of this fungus 
in the following 1 5 species of trees: Quercus alba, Q. arizonica, Q. calif ornica, 

Q. digitata, Q, emaryij Q. gambelii, Q, garryana, Q, marilandica, Q. minor ^ 

Q, prinoides, Q. prinus, Q. texana, Q, velutina, Q, virginiana, and Populus 
iremuloides. 

PIPED POT' IN THE WHITE OAK 
MACROSCOPIC CHARACTERS 

The first indication of the whitish piped rot in white oak is a discolora- 
tion of the heartwood, which assumes a water-soaked appearance (PI. VIIIj 
fig. i). This “soak’’ may extend from i to 10 feet beyond the actually 
rotting region where delignification is occurring. When dry, this water- 
soaked heartwrood becomes hazel to tawny in color. The next stage of 
the rot is one of delignification, which usually begins alongside of and fol- 
lowing more or less regularly the medullary rays, thus producing a mottled 
appearance of the w’-ood in radial view (PL VIII, figs. 2, 5, and 6). This 
type of the rot is very common in the medium -sized branches (6 to 12 
inches in diameter) and in the early stages of the disease in the bole of the 
tree. In final stages the diseased wood is firm, has a white, stringy ap- 
pearance (PL VIII, figs. 3 and 4) and consists of white cellulose strands of 
delignified wood fibers and other w^ood structures bounded by areas of 
apparently sound but actually slightly diseased and discolored heartwood. 
Cinnamon-brown areas are scattered throughout the oldest rotted wood 
(PL VIII, fig. 3). These areas are especially common and abundant in the 
vicinity of sporophores and along checks or openings 'through the' sap- 
wood. The rot immediately adjacent to a sporophore is therefore often 
cinnainoii ' browm to russet in color.. No cavities large enough to be seen . ■ 
by ' the naked eye, are produced by this rot, but much of the white cellulose 
is, finally absorbed, leaving minute irregular ' cavities in' the wood. 

MICROSCOPIC characters 

IMigmficadon usu^^ begins in the wood fibers lying next to the vessels 
in 'the, ^'Spring wood , ^and'^adjacent to^^the.ferge, medullary'.rays.,'. " The ' sol-' „ 
vents, 'Secreted ' by This 'fungus vapparently .are ' ^able ,,:to''' delignif y all; of ' the": I ■ ■ ^ 
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elements of the -wood. All, or only the outer rows, of cells of the large 
medullary rays may be delignified, the middle lamellae dissolved, and the 
completely delignified cell membranes partially absorbed. 

Isolated areas between the large medullary rays may also be delignified. 
The cells of some of the medullary rays and of the wood parenchyma 
often contain starch grains even after the absorption of a portion of the 
inclosing cell walls. A ferruginous substance is also present in many of 
the cells of the small medullary rays, in the lumen of the wood fibers, 
and even in some of the other wood structures. Many of the vessels 
adjacent to each large medullary ray contain hyaline branching hyph« 
0.5 to i/£ in diameter. The association of the delignified areas with the 
medullary rays is readily seen in a cross section of the wood where 
delignification is just beginning, but later in the more advanced stages 
of the rot this association is not so evident when the delignification of 
the wood fibers has become general throughout the rotting area. The 
early absorption of portions of the delignified tissue prevents the forma- 
tion of long continuous strands of cellulose fibers, although in a tangential 
view irregular white lines may be seen which consist of fragments of the 
delignified ceils (PI. VIII, fig. 5). In very advanced stages of the rot near 
the center of the tree white longitudinal lines are seen in a radial view 
(PL VIII, fig. 4), These usually consist of remnants of partially absorbed 
cellulose fibers bound together by strands of white m37'celium, which 
also fill the vessels and the minute cavities left by the absorption of the 
delignified tissue. 

PIPED ROT IN chestnut OAK 

The rot produced by Polyporus dryophilus in the chestnut oak {Quercus 
prinus) is slightly different from that in white oak. The diseased wood 
is hazel in color, with very narrow concentric zones of ivory-yellow 
cellulose. These zones are adjacent to the large spring vessels of each 
year and consist of the delignified wood fibers of this tissue. The large 
vessels in radial-longitudinal view are seen, even under a hand lens, to be 
filled with cobwebby strands of colorless hyphse. It is in the tissue 
adjacent to such hyphse-filled vessels where the delignification is most 
pronounced; „ 

PIPED ROT IN THE WESTERN OAKS 

The rot ceLUsed hj Polyporus dryophilus in these oaks differs but little 
from that found in the white oak. The mottled appearance of the rot 
in its earlier stages is not so pronounced. In the final stage of the rot, 
after a very large proportion of all the elements is delignified, there is 
but little apparently sound heattw^ood. In the older rot in the center 
of the heartwood the white color b}^ far exceeds the brown, of which 
thereds/verydittle.' /''■ ■ 
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PIPEJD ROT IN EUROPEAN OAKS 

Robert Hartig (1878), in his epoch-making work on the true nature 
of the rots of woods, described a whitish heart-rot of the oak, which he 
attributed to Polyporus dryadeus. A careful study of Hartig^s figures, 
and the description of the sporophore which he found associated with 
the white heart-rot so accurately described by him, is sufficient to con- 
Yince anyone who is familiar with the true P. dryadeus that Hartig^s 
fungus was not P, dryadeus. It is undoubtedly identical with the 
heart-rotting fungus known in America as P. dryophilus and found by 
the senior author to be associated with a whitish piped rot in oak. 
Through the kindness of Dr. Von Tubeuf the junior writer obtained a 
piece of the original rot (PL VIII, figs. 7 and 8) which Robert Hartig (1878) 
ascribed to P. dryadeus. A careful study of this specimen showed that 
it is identical in every respect with the rot produced by P. dryophilus 
in the white oak. There is also another European specimen (PL VIII, 
fig. 9) of this rot in oak in the Laboratory of Forest Pathology, of the 
Department of Agriculture, which has all the characters of the rot pro- 
duced by P. dryophilus. 

characters of piped rot common to ale species of oaks 

The rots produced by Polyporus dryophilus in all the species of oak 
examined had the following characters in common: (i) A water-soaked 
discolored area in the first stage (PL VIII, fig. i) ; (2) a general association 
of the earlier delignification with the medullary rays (PL VIII, figs. 5 
and 6) ; (3) later a more general delignification of all the wood fibers 
(PL VIII, fig. 3); (4) the formation of white mycelial longitudinal lines 
(PL VIII, fig. 4); (5) the presence of cinnamon-brown areas in the older 
rotted wood (PL VIII, fig. 3). These brown patches, ranging from 2 by 4 
mm. up to 10 by 35 mm. in size, consist of fragments of wood interwoven 
mth ferruginous, thick- walled, septate hyphse, which easily break into 
short pieces. The hyph^ are about 3/t thick, have many short (3 to 8/£) 
branches, and are mixed with various sizes of hyphae down to ijte or less 
in diameter, the smaller of which are hyaline. 

; HBART-ROT; PRODUCED BY POLYPORUS DRYOPHILUS IH ASPEH 

The description of the heart-rot which follows was made from the 
diseased wood of a dead aspen (Populus ir emuloidesph^wag th.^ sporo- 
'^\iot^soi'Polypofm dryophilus. ■ ' . 

MACROSCOPIC characters 

The general color of the diseased wood varies from a light buff to a 
maize yellow. In a cross section the rotted wood shows alternating 
.conGentric::2ones of ,/%ht^;buff and ochraceous tawny. ■ .'The light-colored 
zones consist of The .vessels' and 'wood-fibers'which.Lave^b 
vigorously attacked by the solvents of - 'the ^' fungus. 'The ochraceous- 
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tawny zones consist of vessels, cells of wood parenchyma, and other 
elements of the wood in the cells of w^hich a ferruginous amorphous 
substance has been deposited. These cells are not as strongly attacked 
by the fungus as are those of the light zones. The rotted wood easily 
splits into concentric layers, the cleavage usually occurring along the 
boundary between the white and dark zones. In a tangential view, 
small, more or less isolated areas of delignified wood fibers may be seen. 
These delignified fibers are most abundant in the older, rotted portion. 
In the vicinity of the sporophores the typical cinnamon-brown areas 
seen in the oak are also present. The rotted wood is soft, almost silky 
to the touch, is very light in weight, and is easily broken into fragments 
between the fingers. 

MICROSCOPIC CHARACTERS 

The vessels in the light-colored zone have very thin walls, owing to 
the action of the fungus; the bordered pits are often eroded until only 
large irregularly shaped holes are left and the middle lamellae of the 
vessels and of the wood fibers in this region are dissolved. The wood 
fibers and some of the adjacent cells are finally delignified and absorbed. 
The delignification occurs most rapidly along the boundar}^ lines between 
the light-colored and dark-colored zones, along which the cleavage com- 
monly occurs. The small amount of delignified fibers present and their 
rather rapid absorption prevent the formation of the large areas of white 
cellulose which are so common in the rot produced by this fungus in oak: 
In the zone of cleavage cobwebby masses of white mycelium occur which 
fill the vessels and the small cavities left by the absorption of the wood 
fibers. The medullary rays are readily attacked by the solvents of this 
fungus and usually have completely disappeared by the time the final 
stage of the rot is reached. 

ENTRANCE OE THE HOT IN THE HOST 

Polyporus dryophilus, so far as known to the writers, gains entrance in 
the wood of the host trees only through wounds in w^hich the heartwood 
is exposed. The most common point of entrance is a broken or dead 
limb, although in the western and southwestern United States it also 
frequently enters through fire scars and other basal wounds. 

In Arkansas and eastward, where the species of oaks differ from those 
in the West and Southwest, the rot caused by this fungus is apparently 
confined chiefly to the branches and upper portion of the trunk. This 
may be due to the fact that often there are one or more large dead branches 
in the crown of the tree, while there are very few on the lower part of the 
trunk. The fungus has therefore little or no opportunity to enter th^^^ 
bole of the tree below the crown. 

: ' \ the fungus enters the stub of a broken limb, it grows downward 

through heartwood of the stub till it enters the trunk, when it spreads 
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both upward and downward through the heart of the tree. When it 
enters near the base of the tree, it sometimes spreads upward throughout 
the heart of the entire trunk. This occasionally was noted in the white 
oak in Arkansas, and such trees were worthless for lumber. 

Ill Oklahoma and to the west oaks frequently have large dead branches 
at any point on the trunk of the tree. Through these the fungus may 
enter. The rot therefore is not confined as closely to the upper half of 
the trees as it is in the oaks of Arkansas and to the east. , Probably 50 
per cent of the western oaks attacked by this fungus have the rot through- 
out the entire trunk. 

The sporophores of Polyporus dryophilus when growing on oak are 
usually found only on living trees; however, specimens have been col- 
lected growing on the boles and large branches of trees which had been 
cut for at least three years, and in one instance a sporophore w’-as found 
growing directly on the top of an old oak stump. The fungus apparently 
continues to grow slowly in the infected trees after they have been cut, 
but rarely fruits under such conditions. There is no evidence at hand 
concerning the possibility of infection by P. dryophilus after the death of 
the tree. 

In no instance in Arkansas has the junior writer found this fungus 
entering a tree through fire scars or other wounds on the butt of oaks, 
even where fire scars were common. The rot always originated at some 
point above the base of the tree, and if a tree was found in which the rot 
had reached the collar of the tree it came from above and not from below. 
All of the sporophores of this fungus found on specimens of Populus were 
growing on dead or dying trees. In this case the fungus is able to fruit 
abundantly on both living and dead trees. 

This fungus on Populus seems to be truly parasitic, to some extent at 
least. It attacks the trunks of the trees chiefly, entering the heartwood 
through dead limbs after they are broken off. The trees die by either 
breaking off or in some cases apparently from the direct effect of the fun- 
gus, which attacks the sapwood when the disease becomes far advanced. 

Several instances were found in oak where the fungus had apparently 
penetrated and killed small areas of the sapwood and formed its sporo- 
phores at these points. ' 

Mo positive evidence was found indicative of the age of the fungus in 
either oaks or poplars or of its rate of growth in the infected tree. Appar- 
ently trees of all ages are susceptible to this rot, provided the branches 
are old enough to have formed heartwood. 

SPOROPHORE OF POLYPORUS BRYOPHILXJS 

Polyporus dryophilus „ has z , hard, granular, ' sandstone-like^ core, ' a' 

. characterthatris unique; and: not possessed byany other polypore^knowii, 
■:to 'th€:'writers. ;;;:The' sporophore, of ■ this plant,; represented. by ; numerous' 
\^,;^cimenS';;col!ected,'by ::'the,;^ .variouS'^ portions; of, the .'United'' 
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States, in every instance shows this hard granular core (PL IX, figs. 2 
and 4) exactly as figured and described by Hartig (1878) in case of his 
P. dryadmts. This core extends back some distance into the tree in 
oaks; it is usually irregularly cylindrical while in the tree, but on its 
emergence from the tree it swells into a tuberous or spheroid mass and 
finally occupies the central and rear part of the sporophore (Pis. IX, fig. 2, 
and X, fig. 6). If the sporophore is formed from a large branch hole, 
it is usually of the applanate t}T5e, with a small core, but when the sporo- 
phore forms directly on the body of the tree, as it usually does, the shape 
is tuberous, unguliform, or even subglobular (PI. IX, figs. 2 and 4), with 
the bulk of the sporophore composed of hard, granular core. This core 
usually has white mycelial strands (PI. IX, fig. 4). The sporophore of 
P. dryophilus, therefore, has normally three distinct kinds of structures 
(PI. X, fig. 4): (i) The hard, granular core; (2) the fibrous layer which 
surrounds this core except at the rear; (3) the layer of tubes on the lower 
surface. Specimens are often found, however, especially from the 
western part of the United States, in which this fibrous layer may be 
entirely absent between the tubes and the granular core (PL IX, fig. 4). 

Poly poms dryophilus is known in Europe under at least five different 
names: Poly poms fuhits Fries, P, friesii Bresadola, and P. corruscans 
Fries for the form on oak, and P. milpimis Fries and P. rheades Persoon 
for the form on poplar. The identity of P. dryophilus with the P. cor- 
ruscans Fries (PL X, fig. 4) and with P, rheades Persoon is based on the 
specimens of these plants found in the Floyd Herbarium at Cincinnati, 
Ohio. If these specimens are correctly determined, then the American 
plant is identical with the European plants named above. Authentic 
specimens of the form of P. dryophilus found on species of Populus were 
seen by the junior writer at the New York Botanical Gardens in collec- 
tions from Finland and Sweden and also from Maine. In the Lloyd Her- 
barium at Cincinnati, Ohio, are collections under the name of P. rheades 
on Populus iremula from Sweden (PL X, fig. 3) and Denmark, and a 
collection from Austria on Querctis ilex. In the Cryptogamic Herbarium of 
Harvard University there is a collection on Populus grandidentaia Michx. 
from New Hampshire, while in the Laboratory of Forest Pathology there 
is a fine collection on Poptilus trermiloides Michx. (PL X, figs, i, 2, and 5) 
from near Steamboat Springs, Colo. 

This fungus on Populus agrees in all essential characters with the form 
oi Poly pof us dryophilus found on oak. The sporophores are, however, 
some-what smaller than those usually found on oak and approach the 
applanate type (PL X, figs, i and 2). The hard granular core is always 
present, but is formed betw^een the sapwood and bark (PI. X, fig. 4), as 
the fungus is able to rot the sapwood, as well as the heart of this host It 
therefore does not have to depend on branch holes or other openings 
through the sapwood in order to form its sporophores as it does in the 
''Oak,' ,V, 
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description of the SPOROPHORE of POEYPORUS DRYOPHIEtTS 

Pileus thick, unequal, smooth to irregular nodulose, often convex below, unguHform 
(PI. IX, fig. 5), subglobose (PL IX, fig. i) or even applanate (PL X, fig. i), simple or 
rarely subimbricate (PL X, figs. 2 and 5), rigid, 4 to 22 cm. broad by 3 to 13 cm. wide 
(measured from front to rear of sporophore) by 2.5 to 21 cm. thick (measured from pore 
surface to top of sporophore); surface at first densely tomentose, becoming scabrous to 
smooth with age; tomentum rather stiff, deciduous, short, maize yellow to ferruginous; 
surface of weathered sporophores after the tomentum has partially disappeared, zonate, 
zones several, narrow^ extending entirely around the pileus near its margin (PL IX, 
fig. 3); margin in immature specimens thick, usually obtuse (Pis. IX, figs, i and 5, and 
X, figs. 1 and 2), concolorous or slightly pallid, entire or undulate; context dual, con- 
sisting of a hard granular core, surrounded except in the rear by a thin fibrous layer; 
core subglobose to pulvinate, 3 to 10 cm. thick, ferruginous to cinnamon browui, gran- 
ular, often with white mycelial strands ramifying through it (PL IX, fig. 2); fibrous 
layer on upper surface of core a mere pellicle about 0.5 mm. thick, expanding in mature 
specimens into a border (PL IX, fig. 4) i to 3 cm. wide and 5 to 15 mm. thick; fibrous 
layer betw^eeii tubes and core thin, i to 15 mm., usually not over 6 to 8 mm., fibrous 
layer zonate, concolorous; tubes slender, concolorous or slightly paler tliaji core in 
some specimens, rather fragile in age, 5 mm. to 3.5 cm. long, shorter near margin of 
sporophore, usually about i cm. long; mouths regular when young, but becoming 
somewhat irregular and angular at maturity (Pis. IX, fig. 6, and X, fig. 8), two or three to 
a mm., glistening, grayish when young, becoming hazel to russet with age, edges thin; 
spores broadly oval, smooth, ferruginous, 4.8 to 8 by 3.4 to 6.4//, average size 6.54 by 
4.85/i when on oak (PL IX, fig. 6), 4.8 to 6.4 by 3.4 to 5.6j'e, average size 5.82 by 4.05/i 
when on poplar (PL X, fig. 8); cystidia none; hyphai ferruginous, 4 to The 
sporophores found on oak in Arkansas and in the eastern portion of the United vStates 
often have shorter tubes (PI. IX, fig. 4), slightly smaller spores, and a more applanate 
pileus than those found in the Western States (PL IX, fig. 2). 

DISTRIBUTION OF POLYPORUS DRYOPHIDUS 

The rot caused by Polyporus dryophilus is very widely distributed in 
the United States, having been found in 23 States: Arizona, Arkansas, 
California, Colorado, Illinois, Kansas, Touisiana, Maine, Maryland, Mis- 
sissippi, .Missouri, Nebraska, New Hampshire, New Mexico, New York, 
North Carolina, Ohio, Oklahoma, Oregon, Peiinsylvaiiia, Tennessee, 
Texas, and Wisconsin. Authentic specimens of the fungus have also 
been examined from the following foreign countries: Austria, Denmark, 
Finland, France, Germany, and Sweden. The sporophores of the fungus 
„ are frequent and the rot caused by. the fungus is exceedingly common in 
"New Mexico,' Arizona, and California. 

distribution in EUROPE 

■' Poiypoms dryophilus is known Yo occur in Europe' as follows, the . junior . writer 
having examined authentic specimens: " 

CURMANY (.?}:, 

. On gwermw sp..'"(F. P. I2404)L .' . . 

'U'‘F. .p. *'*=.F.orest-Path6logy Invest jgatioas'iitimfoer. ' ' . ' 
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Germany: 

On Quefcus sp. — Robert Hartig (from Herb. Von Tubetaf); Preiffbr (Herb. 
N. y. Eot. Gard.), part of the type specimen for Polyporus friesii; Berlin^ I^eoyd 
(H erb. Lloyd). 
xIustria: 

On Qmrcus ilex. — Travnik, Rev. E. Brandis (No. 0S864, Herb. Lloyd). 
Denmark: 

On Popultcs (?) sp. — ^J. Lind (No. 06339, Herb. Lloyd). 

Finland: 

On Populus sp. — Murtiala, Sept., 1882 (No. 5724, Herb. N. Y, Bot, Gard.). 
Sweden: 

On Quercus robur. — Stockholm, Romell, Oct., 1903 (Herb. N. Y. Bot. Card.), and 
a second specimen, collector unknown (Herb. N. Y. Bot. Card.). 

On Quercus sp. — ITpsala, Lloyd (No. 08936, Herb. Lloyd); Stockholm, Romell (No. 
0S936, Herb. Lloyd). 

On Populus tremula. — Stockholm, Romell, June 25, 1905 (Herb. N. Y. Bot. Gard.), 
and a second specimen, Murrill (Herb. N. Y. Bot. Gard.); Stockholm, Hagelund 
(No. 08985, Herb. Lloyd). 

. On Populus sp.—HAGELUND (No. 09375, Herb, Lloyd); Stockholm, Romell (No. 
08414, Herb. Lloyd). 

France: 

On Pinus (?) sp. — Fontainebleau, P. Hariqt (No. 0S880, Herb. Lloyd); this speci- 
men from France was reported as on pine, and has spores similar in size and shape to 
those growing on species of Populus and a sporophore much like those found on species 
of Quercus. 

DISTRIBUTION IN UNITED STATES 

Polyporus dryophiliis has been reported from and collected in the various States of 
this country as follows: 

Maine:,,, 

On Populus iremuloides. — Piscataquis Co., Murrill, in 1905 (Herb. No. 1901, N. Y. 
Bot. Gard.). 

On Betula (?) sp. — ^Near Moosehead Lake, Von Schrenk, in 1899 (Herb. N. Y. 
Bot. Gard.). 

New Hampshire: 

On Populus grandidentaia.—Ch.ozo'mo.^ Farlow (?), in 1904 (Herb. W. G. Farlow). 
New York: 

On Quercus alba. — ^Bronx Park, Murrill, in 1908 (F. P. 1416). 

Pennsylvania: 

On Quercus (?) sp.— Kittanning, Sumstine 32 (Herb. N. Y. Bot. Gard.). 
Maryland:, , , ,„ 

On Quercus alba^ Q, coccineat znd Q. minor . — Takoma Park, HEDGCOCK, in 1910. 
Ohio:'. 

On Quercus (?) sp.— M. A. Curtis, Berkeley '' (Herb. W. G, Farlow); Preston 

(?), A.' P. Morgan, in 1S87 (Herb. N. Y. Bot. Gard.); Preston, A. P, Morgan (0598); 
and Akron, C. D. Smith (07556, Herb. Lloyd), 

Virginia: 

On Quercus prinus. — ^ElMns, Long, in 1913 (F. P* 12418). 

On Qmrcus (?) sp.— Falls Church, Luttrell, in 1902 (Herb. N. Y, Bot. Gard,). 
■North Carolina: 

■ On Qmrcus printis . — Brim, Long. ■' ' 

' On Jonesboro, P.,L.,,BuTTRICK, in.,1913 (F. P, 15045)- 
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TeNNESSEE: 

On Quemus.alba and 0- Tjelutina,—Roan Moimtaiiiy Hedgcock, in 1913. 

Mississippi: 

On Quercus lyrata.—Smd Point, Hedgcock, in 1908. 

Louisiana: 

On Quercus lyrata, Q, ^mrilandicaf 0 . nnchauxii, and 0. phellos , — Near Bogalusa, 
Hbdgcock, in 1908. 

Missouri: 

On QtiercMs alba . — Mountain Grove, Hebgcock. 

On Quercus “Near St. Louis, J. N. GuadfbutER (No. 1214, Herb, Mo. 

Bot. Card.). 

On Quercus marilandka—SteeMlley Spaulding; Mountain Grove, Hedgcock. 

On Quercus minor . — Webster Groves, A. H. Graves, in 1909 (F. P. 1617). 

On Quercus palusiris . — Mountain Grove, Hedgcock. 

Illinois : 

On Querctis alba . — Near Plymouth, Hedgcock, October, 1909. 

Wisconsin: 

On Populus sp. — Oakfield, in 1903 (Herb. Univ. Wise.). 

On Quercus macrocarpa. — Rockton, L. H. Pammel, in 1886 (Herb. N. Y. Bot. 
Card.). 

Nebraska: 

On Quercus macrocarpa . — ^Near Nelson, Hedgcock, in 1911. 

Oklahoma : 

On Qmretts alba. — Cache, Long, in 1912 (F. P. 12407). 

On Quercus mmila^idica. — Cache, Long, in 1912 (F. P. 12420). 

On Quercus minor. — Cache, Long, in 1912 (F. P. 12408, 12416, 12419, 12421). 

On Quercus prinoides.—Csicliej Long, in 1912 (F. P. 12414). 

Arkansas: 

On Quercus alba. — ^Treat (F. P. 12102), Casteel (Ozark National Forest; F. P. 
12137, 12140, 12142, 12154, 12219, 12243, 12263, 12268, 12296, 12402, 12403, 12405, 
12406, 12409, 12413, 12425); Bigflat (F. P. 12158, 12156, 12160), Long, in 19x2: Womble 
(F. P. 12413), Cedar Glades (F. P. 12422), Long, in 1913 ; Fayetteville and Farmington, 
Hedgcock, in 1906. 

On Quercus digiiata.— Casteel, Long, in 1912 (F. P. 12272). 

On Quercus mmor . — Whiterock, Long, in 1912 (F. P. 12240). 

On Quercus ferancc.—Mountain View, Long, in 1912 (F. P. 12415). 

On ' Quercus veluiina.--Casteelf Long, m 1912 (F. P. 12410). 

Texas: 

On Quercus marihndica.--'NQnc Bo&mQf Hedgcock, in 1909 (F. P. 760). 

On Quercus mmor . — Austin (F. P. 12424) and Benton (F. P. 12423), Long in 1912. 
On Quercus nigra.—N&ar Houston, Hedgcock, in 1909. 

On Quercus Near Houston and near Boeme, Hedgcock, in 1909. 

On Quercus texana . — Near Houston and near Boerne, Hedgcock, in 1909 (F. P. 762). 
On 0 «err«r 'r^ town. -“Near Boeme, Hedgcock, in 1909. 

On Quercus 'virginiana . — ^Near Houston and near Boeme, Hedgcock, in 1909 (F. P. 
;.32o).; ' 

.'Colorado:,' '"v 

On Populw tremuloid€S.---Steam^ Springs, Hedgcock, in 1912 (F. P. 3894). 
OnQuefcusaamheB.—Squat^ Top Mountain (San Juan National Forest; F. P. 9229); 
near Mancos (Montezuma Nadonal Forest);, southeast'of Belta (UncompahgreNational 
Forest); Hb'docock, in' X912*. ■ , 

'■.New:, Mexico,: 

4 ','On, 0 Eer£:ti^arm?'?^w.~Pecos,BoNG,'in'i' 9 i 3 TF.P.'i 24 i 2 ).- 
''.v;On 0 ttefrw,,eTO,oryeL— MogollonMountains'HEDGco'CK,'in 1911.' ' 
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On Querctis gamhelii—Smam Mountains (Manzano National Forest), Hedgcock:, in 
1906 (F. P. 126, 230); in 1908 (F, P. 270, 531-553, 558); near Pinos Altos (Gila National 
Forest), Hedgcock, in 1909 (F. P, 811, 812); in Alamo National Forest, L. L. Janets, 
1909 (F. P. 1142); Mogolion Mountains, Bear Creek Canyon,' and Trout Creek (Gila 
National Forest), Hbdgcock and Fong, in 1911 (F. P. 9S37); Cloudcroft, Fong, in 
1911 (F. P. 12015); Pecos, Fong, in 1912 (F. P. 12426). 

On Quercus oblongifolia. — ^Near Mogolion, Hedgcock, in 1911. 

Arizona: 

On Qtierctcs CkiricalitiaMountains, H. D. BuRRAitn, in 1908; near Sedona 

(Coconino National Forest), H^dgcock, in 1910; Santa Catalina Mountains, Hbdg- 
COCK, in 1911, 

On Quercus chrysolepis. — Sedona, Hkdgcock, in 1910. 

On Quercus emoryu. —Ohkicahm Mountains, Burrai.1,, in 190S; Groom Creek and 
CrownKing(PrescottNational Forest), Hedgcock, in 1910; Santa Catalina Mountains, 
Hedgcock, in 1911. 

On Qtiercus gambeln,—Gtoom Creek (F. P. 4557), Crown King(F. P. 4877), Sedona 
(F. P, 4941) » said near Flagstaff, Hedgcock, in 1910; Santa Catalina Mountains, Hebg- 
COCK and Fong, in 1911 (F. P. 9801). 

On Qtiercus hypoleuca, — Near Pinos Altos, Hedgcock, in 1909. 

On Qtiercus oblongifolia. — Groom Creek and Crown King (F. P. 4876) and near 
Sedona, Hedgcock, in 1911; Santa Catalina Mountains, Hedgcock, in 1911. 

On Quercus toumeyi . — Santa Catalina Mountains, Hedgcock, in igii. 

California: 

On Qtiercus calif ornica. — Scott River Valley (Kdamath National Forest), Hedgcock, 
in 1909 (F. P, 1886); near Mirror Lake (Yosemite Park), Clarks (Plumas National 
Forest), North Fork, and O^Neals (Sierra National Forest), Meinecke, in 1910; near 
El Portal and Yosemite (Yosemite Park), Hedgcock and Meinecke, in 1910 (F. P. 
4794); near Kennett, Hedgcock and Meinecke, in 1911 (F. P. 9649). 

On Quercus chrysolepis. — ^El Portal and Yosemite, Hedgcock and Meinecke, in 1910; 
North Fork (Sierra National Forest), Meinecke, in 1910. 

On Quercus garryana.-Scotts River and Mount Marble (Klamath National Forest), 
Hedgcock, in 1910 (F. P. 1847). 

On Querctis lobata.— Stanford University, C. F. Baker, in 1902 (Herb. Univ. of Wis- 
consin); near Chico, Hedgcock, in 1909; Bobe and Italian Bar (Sierra National 
Forest), Meinecke, in 1910. 

On Quercus wisUseni. — ^E 1 Portal, Yosemite, and near Raymond, Hedgcock, in 
1910; near Kennett, Hedgcock, in 191 1. 

On Quercus sp.— Crane Vailey''(Sierra National Forest), and El Portal,' Meinecke; in 
1910. ' ^ ■ ■ 

Oregon: 

On Querctis garryana.—'NesLt Mount Hood (Oregon National Forest) and Rogue, River 
Valley,, 'vSiskyou 'National Forest), Hedgcock, in ,'1909 (F. .?.■ 1717); near Medford, 
PIEDGCOCK, in.'i9iX' (F. P.'96 ii).' ' 

On gwafcwj Rogue River Valley, Hedgcock, in 1909. 

B'rom the foregoing data the following trees are attacked by the disease 
caused by Polyporus dryopMius: Quercus alba, Q. arizonica, Q. calif ornkay 
Q. chrysolepis, Q. coccinea, Q. digitata, Q. emoryii, Q. gamhelii, Q. garryana, 
g.' hypoleuca, Q. imbricaria, Q. ilex, Q. lobaia, Q. dyrata, Q. macrocarpa,, 
:Q. rmrilandica, Q. michauxii, Q. minor, Q. nigra, Q. oblongifolia, Q,:. pains-' 
tfis,'Q. phellos, Qpprinoidesf Q,. printis,, Q. rdbm,'Q^.. iex€mayH* wlutimf 
Q. virginiana, and Q. wisKzeni; Populus grandidentata, P. tremula, and 
P. tremuloides; Behda (?) sp., an6. Pmus (?) sp. 
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CONTROL OF THF PIPED ROT OF POLYPORUS DRYOPHILOS 

The piped rot caused by Polyporus dryophilus is one of several impor- 
tant heart-rots of oaks in the United States. Suggestions made for 
its control will apply more or less to all of these. So long as oak trees 
are allowed to stand long past maturity in our wood lots and forests, 
heart-rots will continue to be common. The practice of leaving uncut 
in a lumbered area all the badly diseased trees, especially those with 
heart-rot, is radically wrong from the standpoint of proper forest sani- 
tation, for this practice enables heart-rotting fungi to maintain them- 
selves in the forest while the new generation of trees slowly develops and 
attains the age at which they fonii heartwood and thus become suscep- 
tible to the attacks of heart-rotting fungi. Trees diseased with heart- 
rot ought not to be left for seed trees wherever it is possible to leave 
healthy ones for this purpose. In hardwood forests it is often not neces- 
sary to leave seed trees, owing to the abundant sprout production, and 
the presence of young trees intermingled among the more mature ones. 

Trees in the wood lot should be inspected annually, and all trees evi- 
dently rotted at the heart should be removed. If the trunk of a tree 
diseased with heart-rot is struck with an axe, it does not ring with a 
clear sound. The presence of the fruiting body of Polyporus dryophilus 
on a tree also is evidence of the presence of the piped rot and of the 
necessity of removing the tree. Sporophores on trees should be removed 
whenever found. 

In large forested areas it is not possible to personally inspect the trees 
every year nor to search the forests annually for sporophores, although 
the present prices of good white-oak lumber nearly justify the expense 
necessary in a system of careful forest sanitation. It will certainly pay 
in lumbering tracts of oak and other valuable hardwoods to cut out all 
unsound or diseased trees, remove the parts that can be used, and bum 
the remainder. Many trees under the present methods, of lumbering 
are . left standing because they are decayed in the trunk near the ' butt* 
If cut down, these trees would be found to contain enough lumber to 
,pay for the cost of operation. Such a procedure will lead to a better 
and closer utilization of our gradually decreasing supply of hardwood 
lumber, especially of white oak. 

y : The destruction of all trees that are rotted in the heart in timber sales 
wdll be a step far in the direction of control for these diseases of timber. 
A new' forest grown on, areas lumbered with due regard to samtation 
' will be certain to' be nearly free from heart-rot. 
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PLATE Vin 


Fig. i,--^Qtiercus aIba: Crescmt~$lmped *'soBk^ the initial stage of the piped rot 
produced by, Polyporus dtyopkilus; from' Arkansas, ' ' 

' Fig.' a.,— 2«ercw,'al5a': A' radial', view.'. of the rot. in a limb, showing deligiiification; 
.from' Arkansas.,,' : 

' Fig. ohlongifoUa: K radial view of "rot, .showing delignificatioii ; ' from 

■.Arizbna^ 

, Fig'. 4 ^-^uercus' alba: A' htial 'stage^of ..the '.'rot,-' radial vie\y, with more complete 
delignificatioii from ' Arkansas y , 

: Pig. ’Qtier€'us''''ulba: A tangential, view of', the rot, showing delig.ttiiicatioii in 
pockets'; .from '.Arkansas. 

: Fig,.d--~ 6 -Mercm'.,al 6 'a: An end,. view showing. 'a cross section from the same tree as 
the preceding *, from. Arkansas ... . 

'Pig: f,~--Quef mis,. spl: A section of oak from Von'.' Tnbeuf,. sent to. the junior '.writer 
■:as, a 'Specimen . of the rot caused by Pofy/)om.^.dr>>ade«^ in' Europe. 

. . Fig;,, 8 .— 0 n£?r^« 5 ‘:''sp.: ', The reversc..side of the specimen slio^vn iU'. the preceding. 

. ' Fig'.' 9 .— gaca'iu sp. : A'sect.ionof .oak from Europe, obtained 1 )y.. Von Schren'k, .wi'tli 
a piped .rot' similar to that of Poly poms dryaphilus. ' . 
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PLATE'IX'- 

Fig. I,' — A sporopliore of Polypoms dryop}iiluSf t\xhG.xous iorm on .Qnercus.gambelu;:- 
from 'ArizoBa, 

Fig. 2. — Sectional view of a sporophore of Polypoms dryopkilus on Qmrcus'gamhelii^: 
showing the hard granular core with whitish mycelial strands; also the pore layer; 
from. New Mexico. 

Fig. 3.— A sporophore of Pglyporus dryopkilus on Quercus cal^/omca, showing the 
tipper stirf ace with a faint zonation; from Galifomia. 

Fig. 4, — A section through a sporophore of Pdlyponis dryopkilus on Quercus garryanUf 
showing the structure of the hard granular core; from California. 

Fig. 5. — A front view, showing the margin of the same sporophore as in figure 3, 
representing the ungulate form. ■ 

Fig. 6. — A view of the pore surface of an applanate sporophore of Polyporus dryopM-^ 
lus on.Qttercns ^alba; from Axksnsss, . 



PLATE X 

Pig. i.—A spofopiiore of dryophilus^ front view showing the margin, on 

Populusiremutoides;iTomQo\ox2,do. 

Fig. 2."— A second sporophore from the same tree as figure i, showing an imbricated 

form. " 

. Fig. 3.— A view of the upper surface of a sporophore of Polypoms rheades on Populus 

Iremw/a; from Stockholm, Sweden. 

Fig. 4;-~A sectional view of a sporophore of Polypoms corruscans on Quercus; from 
tJpsala, Sweden.;' ' 

Fig. 5.— ‘A side view of an imbricate sporophore of Polypoms dryophilus, applanate 
form on Populus tremuMdes; imm XlolotSLdo, 

Fig. 6.““A sectionad view of the same sporophore as in the preceding figure, showing 
the hard granular core and whitish mycelial strands. 

Fig. y.r^A view of the upper surface of an applanate sporophore of 
dryopkilus on Quercus alba; irom AxkmsQs f 
Fig. g.— -The pore surface of a sporophore of Polypoms dryophilus on Populus tremu- 
hides; imm Oolomdo, 
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DECOMPOSITION OF SOIL CARBONATES 

By W. H. MacIntirs, , 

Soil Chmist, Tennessee Agricultural Experiment Statioyi 

Investigations recently conducted at the University of Tennessee 
Agricultural Experiment Station have led to the discovery that the 
composition of soils is such as to make inhibitory any long-continued 
occurrence therein of magnesium carbonate, and the conclusion has been 
drawn that magnesium carbonate does not exist as a solid mineral in 
our humid soils. 

The research has demonstrated that the affinity of magnesia for silica 
s such that soils long since alkaline from excessive treatments of calcium 
carbonate are able to dissipate the CO^ of magnesium carbonate under 
sterile, moist conditions. It has been further demonstrated that the 
affinity of magnesia for silica is so great that precipitated magnesium 
carbonate is extensively decomposed by pure SiOa and also by the closely 
allied compound titanium oxid, which occurs almost universally to an 
appreciable extent in soils. 

Analyses to determine residual carbonates at the end of one year 
established the fact that precipitated magnesium carbonate in amounts 
chemically equivalent to 16,070 pounds of CaCOg per acre in excess of 
the quantity indicated by the Veitch method as necessar^r to correct 
acidity had been entirely decomposed by each of three distinct types of 
unleached soil. A loam, a sandy loam, and a silty loam were used in the 
study. In substantiating the work the loam soil was subjected to eight 
check treatments in field rim experiments. In each of these eight 
instances precipitated MgCOg equivalent to over 15 tons of a good grade 
of limestone per 2,000,000 pounds of soil had entirely disappeared at the 
end of eight weeks, when the first analyses were made for residual car- 
bonates. No drainage took place during this 8-week interval. 

Comparisons between residual carbonates from limestone and dolo- 
mite treatments showed at the end of 9 months’ exposure to weather 
22,000 pounds of CaCOg per 2,000,000 pounds of soil for the limestone 
treatment as compared to 11,000 pounds of CaGOg as a r^idue from the 
dolomite,'''':';.' 

The 'investigations ' have also, determined that ^ the 'absence; of carbo- 
nates subsequent to applications of magnesium oxid has been erro- 
neously' attributed', to persistent causticity of ' the magnesia,, which" .is. 
shown to' be very, readily converted tO'-the C'arbo'hate,'''whfie'.,'tldS' in'tum 
is,'deeompdsed'''by siliceous'substances. .i 

" The.' use nf 'CaCOg as a' check' has. shown that the affinity''''.of ''Hme for.; 
silica is far greater than has been supposed, and the work has demon- 
strated that the lime-silica reaction in"soilS ' is an important factor in the 
conservation of lime applied in practice. While the lime-silica reaction 
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does not approach, the magnesia-silica reaction in rapidity, it is shown 
by fieid data that the lime-silica reaction continues long after the attain- 
ing of alkalinity and that the reaction is extensive. 

Toxicity due to excessive treatments of magnesium carbonate after 
its conversion to silicates was demonstrated by plant growth. 

The progress of the work of the writer and associates is reported in 
detail in Tennessee Experiment Station Bulletin 107. 



A FUNGOUS DISEASE OF HEMP 

By Vera K. ChareES, Assistant Mycologist, and Anna B. Jenkins, Scientific Assisiantf 
Office of Pathological Collections and Inspection Work, Bureau of Plant Industry 

In September, 1913, the attention of the Office of Pathological Col- 
lections and Inspection Work was called to a fungous disease which had 
attacked a variety of hemp {Cannabis saliva) grown for experimental 
purposes by Mr. L. H. Dewey, Botanist in Charge of Fiber-Plant Investi- 
gations. Although the disease did not make its appearance until the 
plants were almost full grown, it was very rapid in its action, only about 
two weeks having elapsed between the time that the disease was first 
noted and the death of many of the plants. One of the early symptoms 
of the disease was the wilting and drooping of the leaves. The foliage 
turned brown and finally died, but remained attached to the plant longer 
than in the normal condition. In nearly all instances the fungus first 
attacked the outer ends of some of the upper, though rarely the* highest, 
branches of the plant. In some cases the branches above and below the 
diseased area remained uninjured for some time. It was observed that 
the disease spread more above than below, but that the affection of the 
plant became general in about tw’^o weeks. Although the disease ap- 
peared to attack the outer ends of the branches fi.rst, the main stem below 
the base of the diseased branch became bleached and afterwards dark- 
ened by the formation of the perithecia of the fungus (PL XI ) } 

The hemp was grown from seed originally introduced from China, 
having been grown for experimental purposes during a period of 10 years. 
Its cultivation had been generally successful, and until the season of 1913 
no difficulty had been experienced from fungus attack. 

All of the plants in the plots in which the disease was most serious were 
from the seed of one single selected, plant, the third best of the crop of 
1912. This plant showed no evidence of disease and was remarkable 
for its purple-colored foliage. Selections had been continuous for 10 
generations without any admixture of other strains. Three or four 
plants of this plot which were especially precocious were marked as soon 
as it vras observed that they were pistillate, and each one of these plants 
was attacked by the disease. So general was the attack that among the 
135 pistillate plants of this plot 128 were destroyed by the fungus, 
representing a loss of about 95 per cent of this plot. Later the disease 
appeared in a larger plot of 320 and in less than four weeks 66^ per cent 
of the plants had been attacked. 

A microscopic examination of the first diseased material collected on 
September 12, 1913, revealed the presence of small, black pycnidia, 
containing minute, hyaline spores on branched coiiidiophores. These 
characters, together with the absence of stroma, placed the fungus in the 
genus Dendrophoma. (Fig. i, E and F.) This appears to be the first 
occurrence of the fungus in America. A second examination of the dis- 
eased hemp about three weeks later showed pycnidia containing spores 

^ Most of tHe jfield observations ’were made by Mr. E. H. Bewey, wbo mentions the occnixeace of tbis 
disease in an article entitled “Hemp” in the Yearbook, U. S.'Bept. of Agricnitnre, for: 1913,' p. 383-346,; 
17-22, pL 40-46. 1:914. 
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characteristic of the genus Macrophoma (fig. i, D). At the same date 
an immature ascomycete was observed on material which had been 
allowed to remain on the ground. The final collection on November 3 
showed an ascomycetous fungus present in large amounts on the hemp 
which had been spread for dewretting, while the two other spore forms 
were absent, or present onl}^ in negligible amounts, having matured before 
the development of the ascospores. The asci were borne in perithecia 
similar in appearance to the pycnidia of the two other forms (fig. i , B) . 



Fig. 1. Microscopic characters of the hemp fungus Botryosphaeria marconii. A, Sketch of a section of 
stroma from culture, showing develooing perithecia: a, microconidial stage, 6, ascosporic stage. X 8do B 
^ ascus with ascospores X 840. C, Ascospores, X 840. D, Macroconidia, X 840. Coaidiophores of 
the Dendrophoma stage, X 1920. F, Microcomdia, X 1920. (Drawing by J. Marion Shull.) 


The spores were hyaline to slightly colored, nonseptate, and fusoid 
(fig. I, £), A probable connection between these three forms suggested 
itself to the authors, and cultures were started to prove, if possible, that 
these stages are different phases in the life history of one fungus. The 
spores of the Bendrophoma form are designated as microconidia and 
those of the Macrophoma stage as macroconidia. 

■ , .Cultures were .made on various. .media, hut as. the.' fungus: developed 
luxuriantly and rapidly upon com meal, bhat medium was adopted for' 
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the cultural work. The fungus developed in the same sequence as in 
nature, the Dendrophoma stage appearing first, regardless as to whether 
the cultures were made from microconidia, macroconidia, or ascospores. 
Sections of the pycnidia made at a later date demonstrated that the 
development of the macroconidia followed the microconidia in the same 
pycnidium. In sections made at a still later date asci were found develop- 
ing in the same locule with the mature macroconidia. The three spore 
forms of the fungus as developed in culture agreed perfectly in character 
with those found in nature. The variations observed in size and shape 
of macroconidia and shape of the asci were also exhibited by the fungus 
in nature. The one notable difference, however, was in the stronger 
development of stroma in the cultures. Since the Dendrophoma spores 
and the Macrophoma spores developed in the same pycnidia, the macro- 
conidia and ascospores in the same perithecia, and all three forms in the 
same stroma, it is definitely proved that these three forms represent the 
different stages in the life history of one fungus (fig. i, A), 

From the critical microscopical study of the Dendrophoma stage of this 
fungus in nature and in culture it is shown to be morphologically identical 
with a specimen of Dendrophoma marconii described by Cavara in Italy 
in 18873 No stroma is produced as the fungus occurs on the host, 
although a well-developed stroma is produced in culture. This stromatic 
development is suggestive of the genus Dothiorella, but it is not a constant 
character, and as the fungus agrees so closely with Gavara’s description 
of Dendrophoma on hemp,^ the authors consider these two forms to be 
identical. 

During the course of the microscopic study of Dr. Cavara’s material a 
second type of spore was found which corresponded exactly with the 
macrospores discussed in this paper. No mention of these was made in 
Dr. Cavara’s paper, however, and the writers were unable to determine 
whether or not they had been observed by him. 

Among the few fungi described on hemp and related genera no spedes 
were found possessing the characters of the perfect stage of the fungus 
here discussed. In 1831 a fungus was observed by Schwdnitz on hemp, 
and was called by him Sphaeria cannabis Sch w.^ This species is of histor- 
ical interest only, for the description is too meager to be of any taxonomic 
value. The characters of the ascosporic stage place the fungus in the 
genus Botryosphaeria as defined by Saccardo.^ As the imperfect stage of 
this fungus is considered identical with the first described form, Dendm- 
phoma marconii Cav., the spedfic name is retained and the fungus is 
designated Bofryosphaeria marconii (Cav.) Charles and Jenkins. 

Botryosphaeria ioarcoiiii (Cav.) Charles and Jenkins. 

Perltheda globose, perforate, diseased area pale olive buff to gray, 140 to 160 in 
diameter; basidia bearing microconidia mostly dichotomously branched, septate, 
hyaline; microconidia polymorphic, ovate, elliptical, or terete, continuous, hyaline, 
4 to by iX to 2 /z; macroconidia fusiform or ellipsoid, continuous, hyaline to glau- 
cous, 16 to 18 by 5 to 6 pt; basidia of macroconidia slender, generally 12 to 15 /£ in 
length; asci clavafe, 8-spored, 80 to 90 by 13 to 15 paraphyses filiform; spores 
fusoid, hyaline to pale light grape green, 16 to 18 by 7 to S jx, Microconidia, macro- 
conidia, and asci produced in the same perithecium. On Cannabis saiiva. . 


1 Briosi, Giovatmi, atid Cavara, Fridiano. I FttngM ParasSiti delle Piante Coitivate od tltili. bo ao. 
Pavia, 1887. Exsicce^, ' ■ 

2 Cavara, Fridiano. Appimti di patologia vegetale (alctini ftmgM parassiti di piante coltivate.) In Att i 
Ist. Bot. IJiiiv, Pavia,|s.al, V. I, P''426.,. .iSSS. 

*Schwemitz, B. B. von. Svnopsis fuagonmi in Aanmca boreali media degentium secundum observa- 
tkmes. /w Prans. Amer. PhiL Soc., n. s„ v. 4, p. S2«, no. X74i- 1834. 

Saccardo, P. A. Sylloge Fungorum ... v. 2, p. 432. Patavii, 1883. 

,\:'*:Saccardo, P* A. Sylloge, Fungorum; ... : p..4s6.'' " Patavii; I'SSa.; 
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111' view of the serious nature of the disease and its sudden appearance 
in 'America, it' has. seemed best to present this preliminary paper.. ,'The 
tmC' parasitic nature of the. fungus was evident from its, effect on the 
growing plants, but its parasitism was further demonstrated by the ,suc» 
cessful isolation of the fungus from the interior tissue of thoroughly disin- 
fected stems. ' Owing to limited time and,.- opportunity for extensive field 
observations, many questions relating do the pathological phase of the 
subject remain unsolved. .Problems pertaining,' to the .method 'of ' infec- 
tion by the -fungus, its manner of dissemination, , and control measures for 
the disease' are , still subjects of investigation by the' Office of Pathological 
Collections and Inspection Work, 


,PbATE XI 

A hemp plant, showing tipper branches attacked by the fungus Botryospkaeria 
fmrc0nii.' 
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A MORE ACeURATE METHOD OF COMPARINO EIRST- 
GENERATION MAIZE HYBRIDS WITH THEIR PARENTS 

By O. K. CoEEiNS, 

Boimist, Office of Acclimatization and Adaptation of Crop 'FlantSi . 

Bureau of Plant Industry 

INTRODUCTION 

^ That the crossing of two. distinct varieties of maize usually results 
in an increase of vigor and larger yields in the first, or generation 
has come to be generally recognized. The amount of the increase, how- 
ever, varies greatly in different hybrids, and in many cases the increase 
is not large enough to be determined by ordinary experimental methods, 
if it exists at all. ', " ■ ' " 

So far as known, no case has been reported where a decrease bdow 
the mean yield of the parents has been adequately demonstrated. It 
is highly desirable to know the conditions under w-hich significant in- 
creases occur, but thus far little light has been thrown on this important 
point, if really incompatible varieties exist, a study of their behavior 
in hybrid combinations should afford a favorable opportunity to learn 
something regarding the conditions necessary for large increasest One 
serious obstacle to learning the factors involved in the increased yields 
of first-generation hybrids is the difficulty of accurately comparing the 
vigor and yield of a hybrid with that of the parent varieties: 

Hybrids in maize are made either by hand pollination between indi- 
vidiial plants or by planting in alternate rows the varieties to be hybrid- 
ized and removing the tassels from all the plants of one of the varieties. 

The customary method of comparing the behavior of a hybrid with 
its parents is to plant the hybrid seed in rows or blocks alternating with 
similar areas planted with the seed of the parents. If the series is re- 
peated a sufficient number of times, reliable averages may be obtained, 
but' in' actual ' practice the. number, of repetitions is usually ''limited"' by' 
lack'.of .seed'.'.or spaee.^ ; 

In making a comparison between a hybrid and its parents where the 
hybrid is made by planting the varieties in alternate rows, the question 
'.arises as to' . what 'seed will; best..' repre^ the, parents. ' If, ' the original 
seed of the: parent ".varieties is' used, 'it .'wili, be, one 'year 'older than the 
hybrid'l.'seed, .and, the' uncertain, element of deterioration with,' age is in- 
troduced.^ By saving the seed from the plants used as a source of pollen 
in. making the, hybrid,,; fresh' seed',.'of;th'e male parent can be secured, but 
if fresh seed of the female parent is obtained, it must be grown at some 
■' distance from'' the. place ''wffiere -the is made.',. To, use seed grown 
under -different conditions' introduces',' an eiement-'-of '' uncertainty that 

^ In experiments -with maize' extending .oyer' a. nnmber-.'oi, yearn 'in many 'different localities;' we "ffaye 
'. fonnd' that with rows.'ioo feet long and the' seri^' reputed iq ''times, it ,„faas seldO'm.: been' possible to, detect 
with .'assurance differences in yield „of,IesS' than,; lo per-cent. - 
, *■ I^or a' disarssion of this .point, see 'Hartley,- 'C. P.; Brown, ■ Kyle,' C. 'H.'.'anci Zoo,k, 'U. U. Cro^- ,' 

hreed.mg''Ooni, IJ.'.'S. I)ept A'gr., -Bur. Plant ■Indns-,.Biil, aiS, 'p.-' 13-16,, ,'1912.' . One and twr(>*yea-t--old seed..-, ■ 
of selection No. 119a, the, variety used as m.ale- parent in the Maryl&d experiments, occurred side by side 
" 42- times.-' The "average ■superio,rity 'of',, the n'ew'"seed' was per 'Cent. 
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may be as serious as that incurred by the use of old seed. If the condi-* 
tions of growth where the pure seed is produced are more, favorable 
than those under which the hybrid seed is produced, natural selection 
will be less rigorous. There is also the possibility of direct effect of em 
vironment on the yielding power of the seed and the possibility of new* 
place effect. 

A, further disturbing factor lies in the differences between, the indi- 
vidual plants that produce the hybrid seed and those producing the pure 
seed which is to represent the parental varieties. When seed from a 
large number of plants is used, these differences tend to counterbalance 
each other and give an average of value for practical purposes, but in- 
foimation which might extend our knowledge regarding the nature and 
causes of the increase may be completely obscured by this method of 
averaging. 

Some of these difficulties can be avoided if the hybrid seed is obtained 
by hand pollination. By this means seed of both parent varieties of the 
same age as the hybrid seed and grown under similar conditions can be 
secured. Inaccuracies due to diversity among individual plants will, 
however, be increased, since the number of plants involved will necessa- 
rily be smaller, and, as before, differences in the behavior of individual 
crosses which might throw light on the nature of the increases v/ill be 
masked if conclusions are based upon averages. To avoid this last diffi- 
culty, the individual hybrid ears may be kept separate and an ear-to-row 
method of making comparisons with the parents may be applied. 

Differences in the breeding value of individuals are now appreciated in 
the breeding of pure strains and have led to the adoption of the method of 
separating the offspring of individuals into progeny rows. The results 
here reported show a diversity among the hybrid ears that result from 
crossing different plants of the same parent varieties that is even greater 
than that usually found between pure seed ears of a single variety, and 
the evidence indicates that individual diversity in hybrids will be found 
as important as in pure varieties. 

In comparing an individual maize hybrid with its parents account must 
be taken of the fact that to behave normally maize must be cross-polli- 
nated, and to secure cross-pollinated seed of the parent varieties two 
plants of each variety must be used, but only one plant of each variety 
can be represented in an individual h3^brid ear. To avoid in some 
measure these sources of inaccuracy the method followed in the experi-' 
ments, here described , is suggested. 

DESCRIPTION OF METHOD 

' , To compare the behavior of two varieties, which m.ay be called A and B, 
with, that of a hybrid between them, 'two plants,, were selected in' each 
variety, Ai and ^ A2' in the one variety and Bi and B2 in the other variety* 

,' The f.ollowing"hand'..pGl!mations were made: Ai X A 2 ,'A 2 XBi, Bi XB2, 
and B2 X Ai . The result is two hybrid earsand one cross-pollinated ear of 
each variety. It is believed that the mean yield produced by seed from 
the two hybrid ears compared with the mean yield produced by seed from 
the two pure seed ears 'gives, a fair measure of the" effects of "hybridization. 
By making Two hybrids mvoMn'g; all the, plants m.sed' in producing the 
..pure; seed ears individual 'differences' that ,affect,..the' yielding' pow.er, of the 
pure .seed ears.,are similarly''represent.edin the hybrids. '"'Thus,' in both the' 
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parents and the hybrids the average yield represents the mean yielding 
power of the four parent plants, the only difference being the way in which 
the individuals are combined. 

To secure the most accurate comparison of the yield of the four ears, 
one seed from each of the ears was planted in each hill. The different 
kinds were identified by their relative position in the hill. To place the 
seeds accurately, a board 4 inches square was provided with a small, 
pointed peg 2 inches long at each corner. These pegs were forced into 
the soil at each hill, malang four holes, one for each of the four kinds, 
only one seed being planted in a hole. The board was always placed with 
two sides of the board parallel to the row. It was necessary to exercise 
extreme care in dropping the seeds to avoid changing the position of the 
kinds. The best way to obviate mistakes of this kind is to make all the 
holes of a row in advance and to go down the row with one kind of seed 
at a time. 

At harvest time the seed produced by each plant was weighed and 
recorded separately. All hills that lacked one or more plants were 
excluded and the comparison confined to hills in which all four kinds were 
represented. The method of handling the yields w^as to determine the 
mean yield of the four kinds in each hill and to state the yield of each of the 
four plants as a percentage of the mean of the hill in which it grew. The 
percentage standing of each kind in all the hills was then averaged to 
secure the final expression of the relative behavior of the four kinds. 

This method of comparison is similar to the ingenious plan originated 
by C. H. Kyle,^ for use in ear-to-row breeding. Kyle’s method is to plant 
each of the ears to be tested in a separate row and in each hill to plant 
one seed of a standard, or check, ear with which all ears are compared. 
Since comparative and not absolute yields are desired in the study of 
hybrids and with only four kinds to compare, the introduction of a check 
in the present experiment would have increased the space occupied by 
the experiment without lessening the experimental error, 

APPLICATIONS OF method 

The hybrid tested by this method was a cross between the Egyptian, a 
white sw^eet corn, and the Voortiees Red, a related sweet variety with red 
aleurone.^ The two hybrids secured in accordance with the foregoing 
method were designated Phqfi and Ph97, The use of the Voorhees Red 
variety as one of the pai'ents made the comparison unusually difficult. 
This variety produces a considerable percentage of albino seedlings, and 
since no albino seedlings reach maturity, the result was a large number of 
hills with less than the full complement of plants. Eighty-four hills were 
planted, but only fifty-eight matured plants of all four kinds. 

The comparative yield of the four kinds is given in Table I. To illus- 
trate the meaning of these deteiminations, let us take the yield of the 
Egyptian variety. ' The , number ■■ 112.8 "indicates ' that the yield' of ' 58 
■Egyptian plants averaged i ic.S per cent of .the mean yield per plant of 
all four kinds— that is, 12.8 per cent above the mean. 

' C. H. ■ ' Directions to cooperative com breeders. U. S, Dept. Agr., Birr. Plant Indus., B. P, I.— 

Egyptian com used in tHs. experiment' was 'Irom coitmieTcia^ seed secured. from J. M. 
Thorbura & Co. dn 1911. ■ Pbe' original source 'of tbe Voorbees Bed' was ..an ear kindly' supplied, 'by .Prof,; 
nyrofl'':.D.'Halsted, of. tile New Jersey .State Agricultural Experiment Station,, in. 1907*' ' 
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The, mean of the two, parents is 84.2 ±3.0 per cent of the general yield. 
The mean of the two hybrids is 1 15.9 ±3.3 per cent. The mean yield of 
the hybrids is thus 31.7^4.5 per cent higher than the mean of the parentSi 
and this increase is ascribed to the effects of crossing. 

TABrn I . — Yield and height of the Egyptian and Voorhees Red varieties of sweet corn 
and two hybrids between them 


iDeterminations expressed as average percentages of the mean of the four kinds.] 


Variety of com. 

Yield. 

Height. 

Esrvptian 

Per cent. 

1 12. 8 ±4. 6 
55. 6 ± 4 - o 
89. o±5. 1 
142.8+4.3 

Per cent. 
I'll.' 3 ± I. O' 
84. 0+ . 9 
100. 0+1. 2 
103.6 + 1.1 

Voorhees Red 

Hybrid Phga 

Hybrid Ph97 



A striking feature of the results obtained is the difference between the 
yield of the two hybrid ears, which amounts to 53.8 ±6.7 per cent. Had 
the ear Phpb alone been taken as representing a hybrid between these 
varieties,' the hybrid would have exceeded the average of the parents by 
only 4.8 per cent, a difference upon which no reliance could be placed. 
If, on the other hand, the ear Fhgy had been taken, the difference in favor 
of the hybrid would have appeared as 58.6 per cent. 

The relative height of the four kinds was determined in the same 
manner as the yield— that is, the height of each plant was compared 
with the mean height of all the plants of the hill in which it grew, the' 
latter' being taken as 100. ' The average heights expressed in' this,w’'ay 
are given in column 2, Table I. , 

■ The average height of the parents is 97.6+0.7 per cent of the general 
mean. That of the hybrids, is' 101.8+0.8 per cent. The difference is 
4.2 ±1.1 per cent. There is, then, .a distinct increase in the height of 
plants as, a result of crossing, but' the increase is mitcli less than the 
increase in yield, and the difference between the two hybrids is much, 
.less than was the' case with the yield. 

It has usually been found that the increase that follows crossing affects 
the vegetative characters even more than the reproductive. If height 
be taken as an index of vegetative \dgor, the reverse would see,m to be 
true in the present cross. 

Increased vegetative \igo'r. may have resulted in an increase of, the 
branches rather than of the main stalk. To definitely settle this point, 
it would have been necessary to 'weigh or' measure all of the suckers. 
This w^a's not 'done,'- but the number of suckers was recorded for each" of, 
the kinds, and the difference, though small, indicates that a part of the 
increased vegetative vigor of the hybrids was expressed in the production 
of suckers. A total of 18 suckers was produced 'in the two' pure-seed 
.rows,, while ,35- were produced in iht two hybrid rows. . 'The association' 
■between vegetative vigor and, jdeld is further' shown by the fact that the 
■hybrid 'Phpy exceeded the hybrid Pbpd'both in yield and in the,pro'duc- 
tion„'of suckers. ■ It should be borne in mind, however, that an increased" 
yield^and an.-increased production 'of ''.branches. may not, always, be thus 
associated,. ,It , is,' ,to' be , ' expected,. ".that', under ■ some ,,' conditioiis,',"'excessive 
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branching may result in a 'decreased yield. Hence, if some hybrids show 
reduced yields, this fact alone should not be taken as proving an excep- 
tion to the general rule that the first generation of a hybrid shows 
increased vigor. 

The method of comparison here used brings the plants into close com- 
petition, and it may be urged that the differences between the kinds are 
as a result unduly accentuated. With a view to detecting a possible 
effect of competition, the yield of the plants in hills with four plants was 
compared with plants of the same varieties in hills with less than four 
plants. 

In P9, P19, and Phpy the yield per plant w’^as slightly higher in the 
4-plant hills than in the 3-pIant hills. The differences were, however, 
insignificant. In Phpb the yield of the plants from the 3-plant hills 
exceeded that from the 4-plant hills by 67 grams per plant. The number 
of 3-plant hills was so small, however, that little confidence should be 
placed in the difference, which was but three times the probable error. 

An attempt was made to secure a more accurate comparison by cor- 
recting for the differences in the yield of the different kinds, thus making 
it possible to compare the yield per plant of all the 4-plant hills with that 
of all the 3-plant hills. The average yield per plant in the 4-plant hills 
was 2 II ±7 grams. The average yield of the 3-plant hills was 227 ±10. 
The difference of 16 ±12 grams is therefore not significant. 

With such a large experimental error it is of course not impossible 
that the crowding of the plants has a tendency to reduce the yield, but 
if so the difference is too small to be measured by the means employed, 
If crowding operated to accentuate differences, it might also be expected 
to retard the date of flowering. The average number of days to flowering 
was, however, the same in the 4-plant hills and in the hills with less than 
four plants, being 72.4 days in both. Thus there is no evidence that 
the growing of the four kinds close together affects the relative yield of 
the kinds, and when ample space is provided between the hills, viz, 
4 by 5 feet, as in this experiment, it is believed that this source of inac- 
curacy is insignificant. 

The conditions of the experiment here reported constitute a severe test 
of the method of comparison by individual hills. The kinds tested were 
very dissimilar, w^hile the soil of the experiment was unusually uniform. 
The gain in accuracy secured by using the hill as the unit of comparison, 
instead of averaging the yield of all the plants of a kind, may be measured 
by a comparison of the standard deviations or the coefficient of variability 
observed when the yields are compared by the tw^o methods. 

When the 3deld of each plant was compared with the average of all the 
plants of the same kind, the coefficient of variability was 5.42 ±0.17. 
When the yield of each plant was compared with' mean, yield of the hill in.' 
'which it grew the coefficient: of - variability w?as, 5.05^:0,13. There,, is, 
thus, a slight , .gain iu' accuracy, 'notwithstanding; the 'exceptional uni^ 
fortuity of the soil where' the ,experime,nt:'was tried. ,'. With 'less uniform 
soil conditions the advantages secured by, making' the comparison'' on 'the 
basis of individual hills would increase. 

;:The dates when the 'first 'staminate flowers' opened and when; the' fi'rst' 
'silk's, appeared were, recorded for'-' all the plants. The average number of 
days from planting to flowering is shown in Table II. 

60300°— 14 7 
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Tabi<S Average time from planting to flowering of varieties of maize 


Variety, 

Number of 
days to first 
pollen. 

Number of 
days to first 
silks. 

KfiVutiau ' 

7^!. oio. I 

73-9±o-3 
77 . i± .3 

73- S± -4 
73- 6± .4 

Voorhees Red. 

72‘ X± -2 
JZ. Q± . 2 

72 . S± . 2 

Hybrid PI 196 ' 

Hybrid Phgy ' — 


With respect to the appearance of the staminate flowers the only 
significant difference is the slightly later flowering of the Egyptian variety. 
With respect to the appearance of .silks, the Voorhees Red, the low- 
yielding variety, was distinctly later. The average time between the 
opening of staminate flowers and the appearance of silks was less than 
one day in the Egyptian and five days in the Voorhees Red variety. 
Both hybrids ' were ■ .intermediate, with 1.5 and i.i days, respectively, 
between the average time of the appearance of pollen and silks. 

A further comparison of the hybrids with their parents with respect to 
minor characters brings to light a number of striking differences. A 
comparison of the characters measured is made in Table III. 


Table III . — Comparison of minor characters of maize hybrids with their parents 


Character. , 

Egyptian 

maize. 

Voorhees 
Red maize. 

Hybrid 

Ph 96 . 

Hybrid 

Phsj. 

Average of 
parents. 

Average of 
hybrids. 

Height ' — cm . . 

206 ±; I. 6 

IS 7 ±2.6 

1S5 ±2.4. 

293 ± 2-9 

1S2 ± I. 5 

1S9 ±a. a 

Number of suckers, , . 

. 2I± .04 

. II± . 02 

. I 4 ± . 03 

.48X .oS 

. l60± - 0'22 

, .312;!: . 041 

Total: '■ number . of 



.leaves....... — ... 

17 - 4 d: • 13 

15. 8 ± . 12 

16. 4 ± . 13 

16. S X . X4 

. 16. 6 ± . oS 

16.6 ±T„'0 

Exsertion of ’tassel <2 




cm.. 

4*3 i .3 

4-9 ± *3 

5 * 2 ± • 2 ■ 

3*5 ± *3 

4. 6 X . 20 

4-4 ± * If 

Leiigt.h of axis.of tas- 






sel .cm. . 

12. 7 i; - 3 

16.6 ± .3 

16.4 ± .3 

14*1 ± .3 

14. 1 ± . 19 

13-3 ± . 20 

Length of central 






.. spike c.. .'.'....cm.. 

28.1 ± .8 

23. 2 ± . S 

: 24*5 

29. 7 ±1* t 

2S* <5 ± * S8 

27. 1 X . 74 

Number' of primary 






' branches in ta.ssd. , 

14.4 ±..25 

19*5 ± .32 

20. I ± . 35 

lS -4 ± • 17 

16. 9 ± . 2 '! 

17 * 7 ± . 22 

Number of secondary 
branches in tassel . , 

S ± . I 

j 

6.2 ± .2 

7 * 2 ± .3 

4 - 7 ± • 2 

5* 6 , .± . 25 

5. 9 ± • xS 

lyength of longest leaf . 

59*3 ± *S 

84 ± .8 

89. 6 X I 

92 - 9 ± . 7 

86. 6 ± . 47 

91.2 ± . 63 

Number of nodes 





above "longest leaf. . 

5. 6 ±1. 0 

4*5 ±i 

4*9 ±1*2 

S* r ±1.0 

5. 1 ± . 7 

s . ± « 7S 

Number... of -nodes 





above ear 

5*3 ± -8 

4 * 9 ± • 4 

4 * 7 ± - 6 

; 4*9 ± *6 

5 * 2 ± *■ 36 

4. 8 ± .41 


a Measured from the top of the uppermost leaf sheath to the lowest tassel branch. 

&' 'Measured along the axis from the insertion of the first to the insertion of the last primary tassel branch. 
Measured from insertion of last tassel branch to tip of tassel. 


In all of the characters measured, with the exception of “Number of 
nodes above the longest leaf” and “Number of nodes above the ear,” 
there was a measurable difference between the two parents. In the 
“ Number of suckers ” and in the four tassel measurements there was also 
a si^ificant difference between the two hybrids. The mean of the 
hybrids shows a close approximation to the mean of the parents in the 
total number of leaves, exsertion of tassel, length of the central spike, 
number of secondary branches, and number of nodes above the ear 
and the longest leaf. The characters in which the hybrid exceeds the 
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parents are for the most part those more closely associated with, vigor — 
viz, height, number' of suckers, and length of leaf,. The differences 
between the two hybrids are such that without exception Phpd stands 
closer to the Voorhees Red variety and Phpy closer to the Egyptian 
variety. It is probably a coincidence that in both hybrids the^ resem- 
blance is to the female parent. 

CONCLUSIONS 

So large a proportion of first-generation maize hybrids have been 
found to give increased yields and the increase is frequently of such 
magnitude that the utilization of this factor of productiveness becomes a 
practical question. It is therefore highly desirable to understand the 
reasons why some crosses give favorable results and others give little or 
no increase over the yield of the parents. A necessary step in this 
direction is to develop a reliable method of measuring the effect of 
crossing, apart from other factors that influence yield. 

The development of satisfactory methods of comparing the yield of 
first-generation hybrids with that 'of their parents has been retarded by 
(i) a failure to fully appreciate the importance of individual diversity 
in hybrids, (2) the abnormal behavior of self-pollinated maize plants, 
and (3) the difficulty of securing for comparison hybrids and parents 
with identical ancestry. It is believed that the method here described 
avoids these difficulties and affords more accurate means of comparing 
first-generation maize hybrids with their parents. 

The method is illustrated by an experiment in crossing two varieties of 
sweet corn in wdiich it was found that the progeny from one hybrid ear 
yielded nearly double that of the other hybrid ear involved in the experi- 
ment. To have taken either ear alone would have led to entirely erro- 
neous conclusions regarding the increase secured as a result of crossing. 
The increase in yield due to crossing as measured by the method here 
proposed was 31 per cent 
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NATURAL revegetation OF RANGE LANDS BASED 
UPON GROWTH REQUIREMENTS AND LIFE HISTORY 
OF THE VEGETATION 

By Arthur W. Sampson, 

Plant Ecologist j Forest Service 

INTRODUCTION 

Ideal range management would mean the utilization of the forage crop 
in a way to maintain the lands at their highest state of productiveness 
and at the same time afford the greatest possible returns to the stock 
industry. To maintain the maximum productivity, the annual herbage 
crop must be used in a manner which will not retard the growth or pre- 
vent the perpetuation of the most desirable forage species. On the other 
hand, if the stock industry is to receive the greatest possible returns at 
all times, the annual forage crop should be used when it is most needed 
and when the herbage is palatable and nutritious. 

It is obvious from this that the requirements of the vegetation and the 
requirements of the stock are to a great extent antagonistic. Hence, un- 
restricted grazing, without regard for the vegetation or the locality, 
eventually results in decreased productivity, and often in denudation. 

The decline in carrying capacity of our western grazing lands was 
brought about in part by injury due to trampling, but perhaps in greater 
part by premature grazing and overstocking. The gro wing herbage might 
be called a laboratory where plant nutrients are prepared, and the 
repeated removal of the foliage year after year during the fore part of the 
growing season means the destruction of this laboratory, which in turn 
means lack of nourishment for the vegetation, resulting in lowered vitality 
and an inability to produce seed. 

' The easiest' way' to overcome ':the' deteriorating 'effect of premature., 
grazing and overstocking, as well as of trampling, would be, of course, to 
eliminate grazing entirely. Obviously, however, such a procedure would 
be impracticable from the standpoint of the stock industry. Since this 
,is 'SO, the best' means of solving the problern 'in a' scientific "manner is to 
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approach it as similar problems in farm practice are approached — that 
is, (i) by a careful study of the vegetation making up the forage crop, 
(2) by a study of the natural factors upon which depends the success or 
failure of the forage crop and its perpetuation, and (3) by a study to find 
a method of grazing which will both fully utilize the forage and at the same 
time protect it from deterioration. 

Such studies were undertaken ' by the Forest Service in ' cooperation 
with the Bureau of . Plant Industry during ^ the spring of 1907 in the 
Wallowa Mountains of northeastern Oregon. 'While the. intensive 
investigations were confined in the main to this one grazing region, the 
results have been applied elsewhere with success, notably in the Hayden 
National Forest in Wyoming. It is possible, of course, that the repro- 
ductive capacity of various forage plants may vary in different localities 
and also that there may be a difference in the behavior of plants on 
ranges grazed by sheep and those grazed by cattle and horses, any of 
which may , affect the measure of success obtained by deferred grazing, 
but not the principles involved in the system. 

The purely experimental studies were continued throughout the 
seasons of 1907, 1908, 1909, and 1910 and were followed by a practical 
application of the principles evolved to range management on lands within 
the Wallowa National Forest. 

The system developed as a result of the studies — a combination of de- 
ferred and rotation grazing — ^is now being applied with minor variations 
to range lands throughout the National Forests, and promises to be of the 
greatest value in bringing about the efficient utilization of the forage re- 
sources. " 

This article gives in full the data upon which the new system is based. 
The area where the intensive studies were carried on is first described. 
Following this are given the life histories of the important forage species, 
including growth requirements and the factors influencing the establish- 
ment of reproduction. This in turn is followed by a discussion of the 
relative merits of different systems of grazing. Finally there is presented 
a rational and economical grazing system based upon the requirements of 
the forage plants and of the stock industry 

TOPOGRAPHY AND SOIL 

The Wallowa National Forest, within which the studies were carried 
on, is a region of high mountains, very irregular and broken. From the 
Grande Ronde and Wallowa Valleys, which bound the forest at about 
3,000 feet elevation, the mountains rise to from 6,000 to 9,500 feet. On 
the upper reaches of the numerous domes, above the limits of forest 
growth, snow often remains throughout the summer. In this group, of 
h,igh,,snowy..peaks, within a radius of about 3 miles,, rise nearly all of , the,' 
.'■■:StreamS'irom,wMch,.tfae,stock;,.of the region' are watered.' ' 
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The forest exhibits three principal. rock formations: 'Basaltic; granitic^ 
and limestone. These give rise to as many different soil types, which in 
turn very largely determine the character and density of the, vegetation. 
The best and most luxuriant vegetation is found upon the basaltic soils, 
which cover the greater part of the region, the comparatively recent lava 
flows from which they originate having buried the original formationsi n 
some places to a depth of several hundred feet. ^ They are porous and 
very friable, admit of about average percolation, and retain water well. 
The granite and limestone soils, on the other hand, are poorly decom- 
posed and lose moisture rapidly through percolation and evaporation* 
In consequence the vegetation is usually sparse, only the more drought- 
resistant plants being able to establish themselves. The limestones, 
mixed with shales, are the oldest and most restricted of the three forma- 
tions. The granites, which are of a later period, form the peaks, crests, 
and soils of the very highest mountains. 

CHARACT:eR AND DISTRIBUTION OR THE VEGETATION , 

Within the great altitudinal range between the lower valleys' and ' 
higher mountains of the region wide differences naturally exist in the 
physical conditions which govern plant growth, and therefore in the 
character and composition of the growth itself. On the other hand, 
physical and climatic conditions, and consequently the vegetation, are 
strikingly similar within certain altitudinal limits, making it possible to 
divide the region into four climatic zones. Following Merriam's classi- 


fication^ these are: 

Transition zone (yellow-pine association) 3,000 to 4,500 feet. 

Canadian zone (lodgepole-pine association). 4,500 to 6,800 feet. 

Hudsonian zone (whitebark-pine association), 6,500 to 8,500 feet. 

Arctic-Alpine zone (Alpine-meadow association) above 8,000 feet. 


The altitudinal limits of these zones are not absolutely marked, since 
altitude does not wholly determine the character and composition of the 
vegetation. Hence, the limits given above should be considered only 
approximate for a given locality in this latitude. 

The Transition Zone— The Transition zone contains a number of 
coniferous tree species, the most characteristic being western yellow pine 
Toward the upper limits of the zone yellow pine 
gives way to Douglas fir toi/o/ia) and lowland fir (.4 fetes* 

grandis). ■ As a rule, the timber is^ open,: with considerable' undergrowth' 
of average palatability and nutritiousness, if grazed relatively early 
'.(PL'XII).. 

' Among the ' most characteristic and abundant herbaceous species is , 
pine-grass {Calamagrostis mbescens). ' ■ Other spedeS: which furnish 'a' large ■ 

, 1 ' Memam;:C. Hart. . and crop zones' of the Hnited States. ''U.,S.,.Bept.' Agr-.'DiW Biol. 

;SiVvey',;Bnl. ro, ,79'p., 'I inap.;' ■■189^ ' 
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part of the herbage on the lower, sparsely timbered lands are big bunch- 
grass (Agropyron spicaium), little bluegrass (Poa sandbergii)^ big blue- 
grass (Poa scabrella), and blue bunch-grass (Festuca arizonica). Ger- 
ininatioE and growth begin in the most exposed situations during the 
first week in April, and early in May the vegetation shows everywhere 
throughout the zone. Stock are usually not admitted before May 15. 

Canadian ZoNie.— The Canadian zone is characterized by lodgepole 
pine {Pinus murrayana)^ the predominant tree of the region. In many 
places the timber is so dense that there is little or no undergrowth of 
vegetation- Only the most tolerant shrubs and herbs can exist in the 
subdued light under the heavy timber, and such lands are of practically 
no value for grazing. In other places extensive areas of lodgepole pine 
have been burned over. Sometimes reproduction is established promptly^ 
but where fire has consumed most of the organic matter in the soil, the 
reestablishment of vegetation of any kind is slou^. Among the forerun- 
ners in the invasion of permanent species, fireweed {Chainaenerionangusti- 
folium), z valuable sheep forage, and pearly everlasting {Anaphalis 
fmrgaritacea) , a plant of no forage value, are most common. Both 
■growth and grazing begin in this zone fully 20 days later and end two 
weeks earlier than in the Transition zone below. 

Hudsonian^ Zone:. — ^T he Hudsonian zone, in contrast with the lands 
immediately below it, is open in character, the timber growing sparingly 
and in clumps. The predominating vegetation consists of grasses inter- 
mixed with various other palatable plants, as shown in Plate XIII, figures 
2;and 3- 

This zone probably covers a larger area than the two lower zones com.- 
, bined and supports most of the sheep permitted in the Wallowa Forest 
during the summer growing season. On account of the demands made 
upon this desirable range and because of the character of' the forage, the 
. Hudsonian zone has suffered more serious depletion tha'U any other, and 
it was here that the most intensive study of re vegetation was made. 

■ , The trees of the Pludzonian zone, most of which extend to the normal 
timber line, are Alpine fir (Abies lasiocarpa), whitebark pine (Pinus albi- 
mmiis), Engelmann spruce (Picea engelmanni), and mountain hemlock 
' '{Tsuga mertensiana). 'Whitebark pine is the most characteristic species, 
and its altitudinal distribution is so clearly marked that oiie can be cer- 
tain wherever it is met that the conditions ' there are those of the Hud- 
: sonian ' zone. , The timber grows in small, dense clumps, precluding 
an: undergrowth of any but the most tolerant species. 

Aside lrom the timber, vegetation is distinctly herbaceous and consists 
' mainly'/ of , 'grasses, and nongrasslike plants, commonly ' termed, weeds. 
While a great many of' 'the species are grazed, to a .limited extent, at one 
' time or, another'during:' the season, about ' 40 ■ furnish 90' per cent of the 
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lange forage, These^ arranged in the' order of their local forage valne^ 
are: , ' ' ' 


Moiintaln bunch-grass {Fesinca mridula). 

bltiegrass {Poa sandbergii). 
Short-awned brome-grass (BromMs mar- 
ginatus). 

Western porcupine, or needle grass (Siipa 
ocddentalis). 

Smooth wild rye (Elymus glaucm). 
Ttifted hair-grass (Deschampsiacaespiiosa). 
Wild celery {Ligusiicum oreganum). 
Onion grass, or mountain bluegrass 
{Melica bella). 

Red btinch-grass (Agropyron flexuosum). 
Mountain wheat-grass (Agropyron viola- 
ceum). 

Yarrow, or wild tansy {Achillea lanulosa). 
Spiked trisetum (Tfiseium spicaium>.) 
Bntterweed (Senecio triangularis). 
Coneflower (Rudbeckia ocddentalis). 

Wild buckwheat {Polygonum phytolaccae- 
folium). 

Alpine timothy {Phleum alpinum). 
Horsemint {Agastache urticifoUa). 

Wood rash {Juncoides glabratum). 

Nnttall willow {Salix nutalUi). 

Fireweed {Chamaenerion angustifolium). 
Mountain dandelion {Agoseris glauca). 


Mountain onion {AlUum validum). 

Little needle grass {Siipa minor). 

Wild onion {Allium plaiyphyllum). 

Wild onion {Allium colUnum). 

Tall swamp-grass {Car ex exsiccata). 

False hellebore (Veratrum viride). 
Valerian {Valeriana siickensis). 

Alpine redtop {Agrosiis rossae). 

Blue beardtongue {Pentstenwn procerus). 
Flk-grass {Car ex geyeri). 

Skunkweed, or Jacob ’s-ladder {Polmm- 
niumhumik). 

Sheep sedge {Carex illoia). 

Feed-^ass {Cinna laiifolia). 

Woolly weed, or woolly hieracium (Hierch 
cium cynoglossoides). 

Onion grass, or mountain bluegrass {Melica^ 
speciabilis). 

Wire sedge {Carex hoodii). 

Tall meadow grass {Panicularia nervaia), 
Slender hair-grass {Desckampsia elongaid)* 
{J uncus confusus). 

White foxtail {Sitanion veluiinum). 
VarrY^s-m.^ {Jiimus parryi). 

Rush {J uncus mertensianus). 

Rush {J uncus ortho pkyllus). 


Throughout the Hudsonian zone mountain bunch-grass {Fesiuca mri- ' 
dula) is by far the most abundant plant and the most desirable to reveg- 
etate. The relish .with w^hich several of the other species are grazed' and 
their similar altitudinal range and abundance made it very difficult to 
determine which one ranks next in value, and the arrangement presented • 
was not finally decided upon until after the third year’s investigation. ' 

' Growth usually begins in the Hudsonian zone about the last week in 
June, and stock are given access to the lands early in July. 

' Arctic- Alpine Zone —T he Arctic- Alpine, or timberless, zone "is 'not 
only '' unfavorable „to tree growth, but tO' grazing plants as well',.; As" 
shown', in' ,Plate. XIV, figure i, the zone, is, confined to the very highest 
crests ''and peaks, where' the soil is- shallow and -poorly decomposed,, the, 
season of ' growth "short, and nightly ■■frosts" common., ■, Owing to;' the 
"virtual ' lack of grazing in this region, it .was ■ not -'thought necessary to 
measure , accurately ' the climatic ' factors. 

,' ,'The spedes of the Hudsonian zone' are for the, most part ' entirdy, 
absent in the Arctic- Alpine. , Among .the characteristic 'alpine' plants' -'are; 
■catVfoot {Efiogonum pipeH)^ whitlow-wort .{Draba^ aureola)^ :HoorebekM 
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lyalli^ liulsea {Hulsea wfia)y Alpine phacelia (Phacelia alpina), and false 
strawberry (Sibbaldia procumbens). Even these species occur sparingly. 

Growth does not usu“ 
Q ally begin until well 

2 ^ into July and ceases 

^ Jh ^ about September i. 

H Naturally in this zone 
^ ^ g any species which suc- 

^ ^ o ceeds in maturing via- 

§ .S ble seed must be vig- 
'‘2 orous and able to de- 
^ I vdop in a short time. 

Si 

jQ I CLIMATE 

IQ W 

§ I Records of tempera- 
^ « ture, precipitation, and 

§ I air humidity were kept 
^ K o in the Canadian, Traiisi- 
^11 ? I tion, and Hudsonian 
2t Im § zones during the main 
^ grazing season, in order 

5 1 5 to determine what dif- 

2 § ferences in the season of 

^ y I growth they exhibit. 

1 I Temperature. ~F ig“ 
I s ure I shows the mean 
I I temperatures of the re- 
§ j ^ spective zones derived 
^ * tt from the' daily maxi- 

^ ■ .g mum and minittiutn 
I •§■ during the main grow- 
I' ing season of 1909. 

^ Ki 5 While the mean tem- 
sib §0 in the three 

$ ^ w zones differed widely^ 

5 ’ I ' there is a close relation- 
^ ^ ¥ ship between the daily 

^ , j c’ fluctuations. ' In all 
\ ^ eases the mean is lower, 
^ ■ , ■: I ' , . usually by several de- 
'O'; ' J ■ grees,in.the Hudwsonian 
■ *' , zone 'than' in 'the 'two' 

':io'w'er' ones, '.while' the highest .naturally comes'in the ' Transition' zone. 
:The'';ext'remes'ftoin''''wEich the mean ■■temperature 'was obtained sho'wthat 
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the variation in .the maximum temperatures in the three zones is fully as 
great as in the case of the minimum. During the month of July, for ex- 
ample, the maximum temperature in the Hudsonian zone was 84°; in the 
Canadian, 90^; and in the Transition, 104® T. The highest temperature 
in the three zones during the entire growing season was 91°, 97^, .and 
105^ F., respectively. 

Precipitation. — The higher temperatures characteristic of the less ele- 
vated lands are associated in the region -of the study A¥ith a minimum 
precipitation. In the valley surrounding the Wallow^a Mountains — that 
is, in the Transition zone — at an elevation of 3,600 feet, the annual pre- 
cipitation is about 17 inches, the greater part coming in the spring, 
autum«n, and winter. As a result, the vegetation often suffers for lack of 
moisture. In the Hudsonian zone, on the other hand, the larger amount 
of precipitation received is ample, and, with the exception of seedling 
plants, the vegetation is not affected by drought. 

Figure 2 shows that the Transition and Canadian zones received 51.6 
and 26 per cent less rainfall, respectively, than the Hudsonian. While 


PlAC£:orn£ADfNG INCHES Or PRECIPITATION 



Pig. 2. — Diagram showing the total precipitation in the Transition, Canadian, and Hudsonian grazing 
zones during July, August, and September, 1909, inclusive, 

the actual amount of precipitation during the growing season of 1909 
was somewhat above normal, the ratio between the amount which fell 
in the different zones is similar to that of an average year. The greater 
amount of precipitation at the higher altitudes, . together with the com- 
paratively late date. at which growth begins, accounts for the continuous, 
development of the forage. , 

. . Comparative Air Humidity.— Since the' Hudsonian zone' faas a rela- 
tively lower air temperature., a greater amount of. precipitation, ; and a 
moreFumid soil than .the. lower zones, it would' be natural to expect that 
the relative air humidity w’-ould be lower and transpiration less severe tha.ii 
.in the 'lower' areas.. Figure .3, ■which gives the daily .'variations in .air 
humidity derived from . evaporation readings, shows this, to .be .. the. case. 

It was. unexpectedly found that in the Hudsoman zone the evaporation" 
■was greater" than, in the Canadian ..zone immediately .below. '.‘While .'the 
temperature and : .even. the. .relative'. 'air,..' .humidi tv, , as.^ computed''. '.from":. 
' ps3’'ch‘rometer readings, were lower in the Hudsonian zone, the dense 
'timber .of .the'.Can,adian''..zone::so interimpted.':the,air;c^ 
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ally diminisli the evaporation there. . In comparing the three zones^ how- 
ever, the evaporation in the Hudsonian and Canadian zones was fotind 

to be, respectively, 13 and 35.6 per cent 
less than that in the Transition zone. 
Owing to the relative great evaporation 
in the latter region, light showers, espe- 
cially those which fall early in the day 
and are succeeded by a clear sky, are 
soon evaporated and so are of little 
value to plant growth. During a period 
of drought, other things being egual, a 
plant could not live nearly as long in 
the lower as in the higher elevations, on 
account of the excessive transpiration 
in the former locality. 

To sum up the conditions peculiar to 
the Hudsonian zone as compared with 
the lower grazing type, the temperature 
is lower, the precipitation heavier, and 
the transpiration less. It is therefore 
easy to see that the relatively slow- 
growing and warmth-requiring vegeta- 
tion in the lower lands could not thrive 
in the cooler and shorter growing season 
typical of the Hudsonian zone. Hence, 
only the most plastic and adaptable 
species of the Transition zone occur in 
the Hudsonian, and then only on the 
warmest and most exposed south slopes. 
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LIFE HISTORY OF THE FORAGE 
PLANTS 


o 


The growth requirements of range 
plants can best be determined' by a 
study of individual species and the 
factors with which they have to con- 
tend from the time that they begin 
growth in the spring through the 
various stages of development to 
seed maturity, and then on to the 
permanent establishment and seed- 
bearing stage of the vegetation pro- 
'duced from 'seed of the 'original plants* ;'' The. essential features' of this 


/almost 'double' ' life' cycle"' are: (i)' I.nceprioii' of growth,/ "('2') 'flower-stalk 
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production^ (3) development and maturity of seed, (4) viability of the 
seed crop, and (5) establishment of reproduction. 

Owing to the relatively unfavorable conditions for plant growth and 
the demands made upon them for summer range, the high mountain 
lands are the ones most in need of revegetation. For this reason the 
life history of the forage plants and the factors affecting their activities 
were studied more intensively in the Hudsonian zone than elsewhere. 

INCEPTION OF GROWTH 

The time at whicn growth begins in the spring varies widely in the 
different zones. Thus, in the heart of the Hudsonian zone growth begins 
ordinarily about five wrecks later than in the Canadian zone immediately 
below and seven weeks later than in the Transition zone. Even in the 
same zone the beginning of the growth period may vary by as much as 
10 days from year to year, depending chiefly upon the climatic condi- 
tions during the spring, especially in May and June, but also to a certain 
extent upon the amount of snow accumulated during the winter. One 
year the early season may be characterized by w'arm, sunny days, and 
as a consequence the snow cover, especially on the more exposed situa- 
tions, may disappear as early as June 20, though this is rather exceptional. 
In another year the snowfall in May and June may be as heavy as at 
any time during the winter. North and east exposures are always later 
in responding to growth than south and west aspects of the same eleva- 
tion. Considerable difference exists also in the time when growth begins 
on different portions of the same slope. 

The influence of local conditions on the inception of growth was well 
shown in the case of a north slope in the Hudsonian zone with an altitude 
at the crest of 7,850 feet and an incline of from 15^ to 18®. With a suc- 
cession of warm, sunny days the snow began to disappear first from the 
crest, then from the slope, and finally from the base. As the snow 
melted, growth began almost immediately.- ' Before it had fairly begun- 
on the slope, however,' the crest showed a spatse, covering -of;- green, while, 
a 'sljoilar relation later existed between- the slope- and , the base. In the; 
early part , of - the season there was a marked difference between ' the ; 
amount of soil moisture at crest, slope, and base, the average percentages 
being 23.2, 27.6, and 39.9, respective!}?-. As the season advanced, how- 
ever, moisture conditions gradually became equalized, and in the latter 
part of the growing season the moisture content of the entire slope was 
practically uniform. For this reason, though growth began on the crest 
from three to six days earlier than upon the slope and from seven to nine 
days in advance of that on the base, toward the end of the growing period 
the vegetation as a whole presented a strikingly unMorm appearm 

The period of growth resumption in each zone lasts ordinarily about 
20 days. In the Hudsonian zone this period usually begins about June 
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25 and terminates about Jtily 15. While climatic conditions have a 
direct influence upon, the time when growth begins, the length of the 
growth-resumption period in a given locality is detennined more by the 
vigor of the vegetation than by anything else. Where year after year 
the herbage has been removed prior to the time during which the nutri- 
ents necessary for spring growth are stored in the roots, growth begins 
several days later and vegetative development is strikingly less luxuriant 
than in the case of plants of the same species which have not been sub- 
jected to similar treatment. 

fuowbr-stalk production 

Under ideal conditions flower stalks begin to appear from 10 days to 
2 weeks after growth has started. The stalks make a vigorous height 
growth, and there is a profusion of inflorescence, which is fertilized at 
an early date. Actually, however, the period of flower-stalk production 
is often retarded by cool temperatures and other climatic factors, so that 
the time the stalks begin to show may vary in different portions of the 
range as much as several days, similarly to the inception of growth. 
Obviously the two are closely related, an early and prolific herbage pro- 
duction being followed by an early and luxuriant flower-stalk develop- 
ment, and a late, scanty growth of herbage by a correspondingly late 
appearance of a few weak stalks. 

The vigor of the vegetation and consequently the time and abundance 
of flower-stalk production are also strongly influenced by the way the 
lands are grazed. Close cropping, coupled with successive trampling 
prior to the full development of the plant, delays not only the flower- 
stalk production, but also the maturing of the seed crop in subsequent 
years. The period required for an overgrazed plant to regain its vigor 
depends on the amount of injury received and the situation in which it 
grows. Three seasons of protection from grazing are usually suiffcieiit, 
for herbaceous vegetation to recover its vigor fully. 

To determine the actual difference in the ti,me of flower-stalk pro- 
duction on closely grazed, moderately grazed, and protected areas, as 
well as t.he time required for overgrazed p.lants to recover their lost vigor, 
observations were ■ made during ' three successive seasons of mountain 
bunch-grass areas grazed in different degrees, and on others completeh^ 
protected from stock. ■ The range selected was at an elevation of 7,300 
feet in the heart of the Hudsonian zone. , The unprotected or open range 
was grazed, according to the usual practice, the forage crop being removed 
early in August each year, , prior to maturity. 

■: .During, the rfirst year (1907) no. difference was ■ observed in the time 
of flo.wer-stalk production on the .protected and .open ranges, since the. 
vegetation' on both ha.d„ previously. been weakened; through grazing.,'. In 
1,908' and,, 1909,,' however," there, was;a' notable difference in ' flower-stalk 
production, as shown in/Table-,! and: Plate, XV, figure' i. , 
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TablB I . — ■ Annual progression in the flower-stalk production on closed areas and open- 

range 


' Conditioa of range. 

. 

Period of flower-stalk production. 

Estimated percentage 
of increase in flower 
stalks. 


1907 

190S 

1909 

1907 

190S 

1909 

Closed to grazing 

Adjacent range open 
to grazing. 

July 10 to 
Axig. 20. 
July 10 to 
Aug. 20. 

July 4 to 
Aug. 10. 
July 8 to 
Aug. 20. 

July I to 
July 28. 
July S to 
Aug. 15. 

0 



20 

60 


After the first year of protection mountain bunch-grass produced its 
flower stalks both earlier and more luxuriantly than on the adjacent 
range open to grazing. This was also true of other forage species. 
Though the advance in the time that the flower stalks appeared (4 and,/ 
days in 1908 and 1909, respectively) was not very great, the stalks were 
developed more uniformly, the total period required for the function on 
the protected area being 37 and 28 days in 1908 and 1909, respectively, 
and on the open area, 43 and 38 da3^s. 

To compare flower-stalk production on areas grazed in the usual way 
and on others protected from grazing until the seed crop can ripen, sev- 
eral small plots of mountain bunch-grass, i meter square, were clipped 
with shears just above the ground for three successive seasons. On half 
of the quadrats the herbage was clipped once each month, or three times 
during the growing season, w^hile on the remaining plots cutting was not 
done until after seed maturity — about September i. During the fourth 
and fifth seasons the herbage was undisturbed. 

The results showed that in the case of the plots clipped monthly the 
vegetative growth decreased in abundance each successive season. In 
the fourth year the undisturbed herbage was exceedingly weak, short, 
and sparse. ■ No' flower stalks were produced until the vegetation , had 
■ been given one full season of rest, and then only a fewr late weak 'stalks 
were sent up. On the plots clipped, after seed maturity, however, the 
' flower stalks were produced fully as early,. as uniformly, and' as profusely, 
as'in.tiie case of the 'plants which had remained ' .unmolested duri'ng .the 
',5'-year' period. ' Herbage production' was. also equal to^ that on the':.pro- 
tected '.areas. '■ ■ ■ . ", ^ 

On the open.' range, grazed- early in ".the- growing, season, ■ the flower 
stalks, were produced at irregular periods, a few appearing -early i'n July, 
"the majority coming in August. " On. yearlong protected .areas and on. 
"those protected, until the seed crop had: ripened-, the '"'stalks appeared -, 
early, practically all' being in ,„e\ddence before' August ,10-, . ' 

Early ,'and abundant- ,pro.duction:' of ' flower,-' stalks-. is-,, of '"the' 'Utmost:: 
": importance in seed production. Ordinarily from three to five weeks are 
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required for the proper development and “filling^’ of the seed after the 
flower stalks are produced. Climatic conditions usually become rather 
severe in the latter part of August, however, and flowers fertilized after 
the first week in August have not sufiicient time to develop and mature 
their seed. Plants with low vitality are likely to produce flower stalks 
so late that the seed has no time to mature. A few species which repro- 
duce vegetatively seem to have an inherent tendency toward irregular, 
and late flower-stalk production, and such delay should not be confused 
with that due to low plant vigor. Of these species, pine-grass and yar- 
row, or wrild tansy, require the longest time to produce flower stalks. 
On the lowest border of the Transition zone these species actually send up 
their flower stalks as early as July lo, and on the higher areas continue 
until inclement weather — about September 15 — stops their activities. 

PERIOD OF SEED MATURITY 

' Under the most favorable conditions the time required for the devel- 
opment of seed is about 25 days. The period varies slightly with the 
length of the growing season and is longest at the lower elevations. It 
also varies among different species, and the time given for ideal condi- 
tions should be considered as approximate. 

Naturally the same factors which promote or retard the growth- 
resumption period and flower-stalk production also determine the time 
of seed maturity, though the last named fluctuates least, since toward 
the end of the growing season physical conditions, especially soil mois- 
ture and air and soil temperature, tend to become uniform throughout 
the range: 

The length of the seed-maturing period varies widely from year ' to 
year as the result of the presence or absence of killing autumn frosts.' 
Tn ,1907 practically no seed of the more valuable perennial herbaceous 
species were matured in the Hudsonian zone until August 20, while in 
,1908 the ripening period came at least five days earlier. Prom this it 
, might appear that the seeds were matured more slowly in 1908' than in 
T907. This was ■ not the, case, however, the apparent difference being 
explained by the fact that in 1907 weather conditions after the first 
week ill Septeinber were so unfavorable that the seeds which had not 
matured, by that time were destroyed. In 1908, on the other hand, 
heavy frosts and. low temperatures did not appear until September 20, 
and practically all the seed matured. 

In 1908 seeds of mountain bunch-grass and other important species 
began to' ripen on August '15, and by' .August 25Tully two-thirds ' of the 
crop had matured. ,' After September '-5 practically no,' immature seed 
were to 'be found, even on the- 'cooI north .slopes' at the. higher altitudinal 
' limits', of '.'the' ' species. ,'Tbe.' secondary,., grazing',' plants, ''„almost''': without" 
exception, "had matured their ,eiitire'aeed crop by September 10.' :. 
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In 1909 the seed-maturity period began earlier than in the two pre- 
ceding seasons. In the case of mountain bunch-grass and a few other 
species this difference amounted to as much as 10 days in the identical 
situations observed' in previous years. As with the production of flower 
stalks, the latest period of seed maturity occurred in 1907. The seed of 
vegetation on the cool and moister north slopes invariably matured later 
than that on other exposures and on level land at the same altitude, the 
difference amounting to a week or 10 days. Elevation is, of course, 
influential in determining the time of seed maturity. Each increase of a 
thousand feet, other conditions remaining the same, brings about an 
approximate delay of a week. The chief factor in determining the time of 
seed maturity, however, as well as the size of the seed crop, is the vigor 
of the vegetation. Where the herbage had been grazed for several suc- 
cessive seasons when green and the vitality of the vegetation thus low- 
ered, no seed was produced, or else the period of maturity came so late 
as to be seriously interfered with by frosts and low temperature. In 
contrast to this, the seed-ripening period on yearlong protected lands and 
on those not grazed until after seed maturity was much earlier and more 
uniform, while the amount of seed produced was notably greater. 

On the unprotected range there was little difference in the time of 
seed maturity from year to year. On both the yearlong protected range 
and that grazed after seed maturity, however, the period came earlier 
each successive season, in direct ratio with the increase in vigor of the 
vegetation. 

The importance of keeping the vegetation thoroughly vigorous is 
further exemplified by the clipping experiments. Where the herbage 
had been removed monthly for three successive seasons, no seed was 
developed in the fourth year when the plots remained undisturbed. On 
the other hand, on the plots clipped annually after seed maturity the seed 
crop was fully as large and matured at the same date as on lands from 
which stock were es#uded. 

The experiments show, therefore, that if the forage crop is left undis- 
turbed until the seed has ripened, at which time the plants will have 
ceased growing, it will produce as large and as early a seed crop the ioh 
lowing season as will vegetation on range not grazed at all. Clearly 
these facts are of the greatest importance in devising a system by which 
the forage may be grazed without interfering ’with seed production. 

viability of TBM seed CROP 

The germinative power of the seed of the leading range, plants 'was^ 
determined, in order to ascertain what reproduction might; be expected 
under favorable, conditions.. In Table'. II, 'which gives the 'results .of 
■ tests, ...the high-range andlow-range plantS'are.grouped separate! j,.;' 
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TABtfH II - — Average fertility of ike seed of range plants from igof to igog, inclusive^ 

PLANTS OP THE HIGH RANGE 


Name of plant. 


Common. 


Scientific. 


Seed 

fertility 

(gertnina- 

tion). 


Per cent. 


Motmtaic bunch-grass 

hittle bluegrass 

Short-awned brome-grass 

I'ufted hair-grass 

Onion grass, or mountain bluegrass 

Reed-grass 

Alpine redtop 

Smooth wild lye 

Alpine timothy 

Western porcupine, or needle grass 

Wdiite foxtail 

Little needle grass j 

Tall swamp-grass | 

Sheep sedge | 

Wdre sedge j 

W^ood rush 

Mountain onion 

False hellebore 

Skunkweed, or Jacob ’s-ladder 

Wild celery 

Blue beardtongue 

Wild buckwdieat. , 

Horsemint 

Mountain dandelion. ' 

Woolly weed 

Yarrow, or wild tansy. I 

Conefiower | 

Average germination i 


Festuca viridula 

Poa sandbergii 

Bromus marginatus 

Deschampsia caespitosa 

Melica bella. 

Cinna latifolia 

Agrostis rossae 

Elymus glaucus 

Phleum alpinum 

Stipa occidentalis 

Sutanion velutinum 

Stipa minor 

Carex geyeri 

Carex exsiccata 

Carex illota 

Carex hoodi 

Juncoides glabratum 

Allium validum % 

Veratum viride 

Polemonium humile. 

Ligusticum oreganum 

Pentstemon procerus 

Polygonum phytolaccaefolium . 

Agastache urticifolia 

Agoseris glauca ^ 

Hieracium c^moglossoides 

Achillea lanulosa 

Rudbeckia occidentalis. — — 


12. 2 

7.0 
47* 6 

26. 4 

4.0 
86.8 
36. o 
21. 2 
69.5 

27. o 

69- s 

29. 8 
21. 3 
1$. 2 
27*5 


7*5 

37*0 
24. o 
42. o 


AO, 3 

9*5 
22. 2 
36.0 
10. 9 
27. 8 
21. 8 


28,3 


plants op the low range 


Big bunch-grass 

Pine-grass. 

Marsh pine-grass, or bluejoint, 
Mountain June-grass. ....... 

Slender hair-grass 

Soft cheat 

Tall meadow-grass. .. .' 

Geranium 

Fire weed ' 


Agropyxon spicatum 

Calamagrostis rubescens 

Calamagrostis canadensis 

Koeleria cristata 

Deschampsia elongata 

Bromus hordeaceus 

Panicularia nervata 

Geranium viscosissimum 

Chamaenerion angustifolium 


69. 6 
71*5 
15. o 
,41. 6 
48. 2 
85. o 
29.5 
21, 5 


Average germination. 


45* I 


® In the case of a few species listed seed tests were made during two seasons only. 


It mil be observed that the viability of the seed of most plants is low. 
In the case of the important mountain bunch-grass, for example, barely 
more .than one-tentli of Fhe'seed .germinates*. ' In, a feW' cases mountain' 
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btmch-grass seed showed a fair ' viability, the maximum germination 
obtained being 25.2 per cent, but the average of a great number of tests 
made under various degrees of temperature gave the figure in the table. 
In general, seed of the less desirable species, such as white foxtail and 
reed-grass, show a higher percentage of germination than that of moun- 
tain ' bunch-grass, short-awned brome-grass, and others. The germina- 
tive power of the seed was generally lowest in' 1907, owing to the low 
\dtality of the vegetation due to previous early grazing. In subsequent 
seasons on areas protected entirely from stock or until the seed had 
matured there was a pronounced increase in the germinative power of the 
seed. 

It will be seen from Table II that, in general, seed fertility decreases 
with elevation, the average germination of the plants on the higher 
ranges being only 28 per cent, as against 45.1 per cent for those on the 
lower elevations. Even with the best conditions of growth and plant 
vigor, the vegetation of the region must straggle to mature its seed 
during a short and none too favorable growing season. The effect of 
exposure and of low vigor of the vegetation (as indicated by the date of 
maturity) on the germinative power of the seed is shown in Table III 

Tabi.^ III . — Effect of exposure and date of maturity upon germination of mountain 

hunch-grass 


Series 

No, 


Source of seed. 


Altitude. 


Date of 
maturity. 


Germina- 

tion. 


1 

2 

3 

4 

5 

6 

7 

8 


South exposure, 
West exposure . 
North exposure. 
Hast exposure . . 
South exposure, 
West exposure . 
North exposure, 
East exposure. . 


Feet. 
7,400 
7, 400 
7,300 

7,350 

7, 400 
7, 400 
7, 300 
7,350 


Aug. 20 
Aug. 22 
Sept. I 
. . .do. . . . 
Aug. 31 

. . .do 

Sept. 12 
Sept. 14 


Per cenii 
14. o 
'■ 9* 5 

, II. 5 
II. o 

7.0 
4* S 
'I - 5 

O'’ 


The data in this table bring out two important facts: (i) There is 
no difference in the vitality of the seed of mountain bunch-grass ripen- 
ing before September i, provided the variation in the maturing period 
does not exceed about lo days. (2) There is a pronounced difference in 
the viability of seed which reaches maturity by September i, as com- 
pared with seeds ripened September 10 or later, the latter showing prac- 
tically no germinative power. 

The same relationship between the germinative power of early and 
late-maturing seed was observed in the course of field sowing in the natural 
habitats, though in all such cases the germinative power of both classes 
of seed was higher. 
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The essential conclusions regarding seed germination are : 

1. Even under the most favorable conditions the viability of the seed 
of practically all the forage species is low, especially on the high mountain 
lands. 

2. Eate resumption of growth in the spring and low plant vigor, both 
of which can be traced directly to premature grazing, result in a decrease 
in the amount of seed produced and in the germinative power of the seed 
itself. 

3. If viable seed is to be produced, the vegetation must not be habit- 
ually deprived of its leafy foliage during the critical growing and food- 
storing period. 

SCATTERING AND PLANTING OF THE SEED 

But little time elapses between seed maturity and dissemination. This 
fact is highly advantageous, in that grazing may begin almost immediately 
after the seed matures without danger of having the crop consumed. 

The distance the seed is carried from the parent plant depends chiefly 
upon the species and the wind. Grasses and grass-like plants, such as 
sedges and rushes, drop their seed near the parent plant. Those of plants 
like fireweed {Epilobium spp.) and Crepis spp., which are provided with 
bristly capillary hairs and pappus, and those of false hellebore, which are 
wdnged, are carried relatively great distances by the wind. Fireweed and 
dandelion do not grow in as dense stands as the grasses, but, as a rule, 
are more widely distributed over the range. About 90 per cent of the 
forage species depend primarily upon wdnd and water for the distribution 
of their seed. The remaining 10 per cent, of which huckleberry is an 
example, depend very largely upon animals for dispersal 

To insure reproduction of the forage plants, the seed must ‘in some way 
get itself planted. Though nearly all seed will germinate on the surface 
of the ground where there is abundant moisture, the resulting seedling 
plants in a locality wEere the soil dries out early in the season are unable 
to extend their limited root systems deeply enough to reach the moist 
lower strata and consequently die from drought. 

The size and character of the seed play an important part in the natural 
reproduction of range plants. The seed of some of the most important 
species, such as mountain bunch-grass, short-awned brome-grass, and 
wild .celery, are large, and light, and even though dropped promptly upon 
maturity inTfae,' autumn, months before' germination takes place, are' 
usually found uncovered on the ground in the spring. On the other hand^ 
the seeds of wild onion and some of the sedges and rushes are smaller 
and heavier' and' have less 'difficulty in working , into , the .soil Among 
the valuable grasses' observed,: only one had' become "planted ' through 
natural means, This one exception was, western porcupine grass, which 
IS' becoming 'Securely "established.nn: the, range not , only -in localities'' where,' 
' it :''is abundant, but often '’ on the tighriy,;',p denuded trails, 
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on hillside terraces formed by the trailing of sheep, and,- in' fact, every- 
where that its seed is developed. In favorable situations i square meter 
of surface showed as many as 700 seedlings of porcupine grass in the spring 
of the year. This unusual aggressiveness is not due, as might be expected, 
to exceptionally strong seed habits, but chiefly to the morphology of the 
scale, or lemma, which closely envelops the seed. The scale is very 
rigid, with an awn about lyi inches long protruding from the apex. At 
maturity this awn is tightly twisted, as shown in Plate XV, figure 2, 
but when moistened it untwists vigorously, causing the bent, needle-like 
point at the lower end of the scale to bore into the ground, the stiff, 
backward-turning hairs holding it in the earth when once started. The 
repeated twisting and untwisting of the awn with variation in the mois- 
ture finally results in the complete burial of the seed prior to the germina- 
tion period. 

Thus, if the seed of the valuable forage species is not planted by arti- 
ficial stirring of the soil, undesirable species, such as white foxtail, may 
become established at the expense of the valuable range plants. 

GROWTH AND ESTABLISHMENT OF REPRODUCTION OF FORAGE PLANTS 

The production of a seed crop of high viability does not necessarily mean 
any material increase in the forage stand. The seedling plants are often 
seriously injured or destroyed in the fore part of the grazing season by 
low temperature and lack of soil moisture. Certain plants are not sub- 
ject to as serious injury as others, and so the ultimate stand may consist 
of a single species. The growth and vitality of reproduction will be dis- 
cussed under three heads: (i) “Development and loss of forage seed- 
lings during first year;” (2) “Loss of forage seedlings during dormant 
period following first year;” and (3) “Growth and loss of forage seed- 
lings during second and subsequent seasons.” 

DEVELOPMENT AND LOSS OP PORAGE SEEDLINGS DURING PIRST YEAR 

During the first season of growth in the Hudsonian zone, approxi- 
mately 10 weeks long, the seedlings do not grow tall enough to produce 
forage, though the young plants are sometimes cropped to a limited 
extent in the autumn. The height attained by moimtain btmch-grass, 
aS' well as the root development, is shown in Plate XV,iigure '3. , ' It'wil 
be' seen that the depth of ' the root, slightly exceeds the height of,' that por- 
tion of the plant above ground, ■ This plant represents about' the average 
development of a forage seedling on well-drained 'and drier 'situations 
during the initial year oi growth. On the, lower elevations, owing to 
the longer growing ' season, the seedling plants, usually attain' much ' greater ' 
development than the one shown,' , 

' ' Observations ' extending' over five successive seasons show that '■■■ in ' nor- 
'■ mal years the low temperatures, characteristic of the: 'Hudsonian' , 'zone 
,';"are responsible for, "considerable', loss of, ,;SeedIingS;, during:': ,the 'first, 'year'^of,' 
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growtli. . The extent of this influence is shown in figure 4. It will be 
observed that freezing temperatures occurred on three nights in July^ 

1909 — namely, July 12^ 17^ 
and 27 — the temperatures 
recorded being 30°, 23°^ 
and 29*^ F., respectively, 
In August freezing tem- 
peratures occurred on the 
ist, 4th, 20th, and 26ths 
the lowest being on the 
night of the 4th, when the 
temperature registered 28® 
F. Only on the nights 
of freezing temperature in 
July, however, was serious 
harm done, and then only 
to the young seedling 
plants. The greatest in- 
jury occurred on the more 
moist, but not marshy, 
situations, where the sur- 
face soil heaved as a re- 
sult of alternate freezing 
and thawing. This action 
of the soil exposed por- 
tions of the roots of the 
seedlings, leaving them at 
the mercy of the sun and 
wind. In a few excep- 
tional cases 50 per cent of 
the seedling stand was thus 
destroyed. The ' freezing 
temperatures during Au- 
gust were not destructive, 
since then the root systems 
were better developed and 
there was less heaving of 
the soil, on account of the 
lower moisture content of, 
the surface layer. 

Because of the high el- 
evation of the Hudsonian 
zone,/ the maximum . tem- 
perature;. , rarely, . exceeds; F* ::ahd,.','' aS". ..a,, '..rule, ■ ■ does not,,':,' seriously 

hamper, the activities/of the vegetarfdn, though,/in 'Soi,ar ,as',,it'influenceS' 
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the relative air ^ htmaidity and increases transpiration and evaporation 
from the s0il3.it also decreases the available soil moisture. 

With the limited amount of precipitation during the growing period 
in the region, the soil moisture gradually decreases as the season advances. 
I^ow temperatures and lack of moisture in the upper soil often work 
together to destroy seedlings, in that the seedling roots are first pushed 
ap by the heaving of the soil during freezing to a point whe,re there is 
not enough moisture available for growth. 

The seedlings of no particular species seemed to suffer more seriously 
than any other in the same situation. Individuals which sprang from 
seed that had not found its way into the soil and which, therefore had 
comparatively shallow root systems were, of course, the most seriously 
affected. 

Plants of the same species growing in the same situation often e:3diib- 
ited contrasts in their ability to withstand drought, and when plants 
growing in different kinds of soil were observed, the contrast was great. 
This is shown in Table IV. 

Tabi.E IV. — Water content of soil at time of death of forage seedlings 


Number 
of succes- 
sive days 
of ■wilting. 


(?) 


8 

6 

9 

6 

5 

S 

10 

4 

5 

3 

6 

4 

5 

4 

5 


Date of 
death. 


July 22 

6.8 

20 

6.3 

24 . 

6.8 

19 : 

6. 2 

20 

. 6. 1 

2 X 

6. 2 

, 23 ^ 

, 7.2 

19 

', 5 - 4 ' 

19 ■ 

' 5 * 7 .' 

20 ^ 

5 - 4 

,18, 

' S* 4 

'18 

S 3 

■,■19 

, 5 - 4 

■ 18 i 

■ 

19 1 


. 21 


21, 

" 5-4 

, , 21 

, 52 

, 19, 


19 : 

,,5,6 




Percent- 
age of 
nonavail- 
able 
water. 


Average ■ 
percent- 
age oi 
nonavasl- 
able 

water for 
eadb 
species. 


,4 51 


'SS, 






Naxjoe of plant, soil type, and situation. 


lioTaiitaiix bunch-grass: 

Basaltic clay loam — 

Quadrat station 4. - 

Seeded area 

Bo.... 

Quadrat station 4, seedlings in flats. 

Do,' 

Bo 

Seeded area. 

Cravelly clay loam — 

Seeded area, seedlings in ' flats. . . , . 

Bo 

Do........ ■ .......... 

Bo..... ............ ........... 

West slope ' 

Do ■ ....... ........ 

South slope. — 

' Bo.. . 

East slope.. 

Western, porcupine grass: 

Gravelly clay lo,am' — . 

West slope. .... . — 

South slope. 

East slope — .... 

'Ssort-awned brome-grass: 

Gravelly clay loam— 

West slope.'. . .. — 

■ South,,slope . . . , 

„ ' ,, East , slope, ' 
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The figures in Table IV show two important facts: (i) In the finer 
soils a higher percentage of water is required to maintain the life of a 
seedling than in soils of coarser texture; and (2) mountain bunch-grass 
requires but little more available w^ater than western porcupine grasSp 
one of the deepest rooted species, to become established in a given soil 
Mountain bunch-grass, moreover, will thrive on a soil containing less 
water than would be required for short-awned brome-grass. To judge 
from the nature of the situations invaded by mountain bunch-grass, 
the plant may safely be classed among the drought-resistant native 
.species. ' ■ ' 

Numerous observations in 1909, supplemented by many counts on 
small unit areas in different range types and on different soils, showed 
that nearly the entire loss of seedlings occurred before August i. After 
that 'date loss was prevented by cooler temperatures and by an increase 
in soil moisture resulting from precipitation. However, the loss before 
August I 'had been rather severe, varying from 20 to 70 per cent, accord- 
ing to the situation, with a general average of about 50 per cent. 

In 1910 the seedling loss in the fore part of the season was approxi- 
mately the same as in 1909, but the loss in the latter part was much 
greater, and only 25 per cent of the original stand remained vigorous 
and active in the autumn. This extensive loss was due to continued 
dry weather and high temperatures, 

noss Olf FORAGB SESDi^iNGS during DORMANt PERIOD ROUrOWING FIRST YEAR 

Table V shows that, in general, the loss of forage seedlings dtie to. 
physical conditions from October i, 1909, to July i, 1910, approximately, 
was practically negligible. It will be seen that the heaviest seedling 
loss occurred on steep slopes, particularly on those where the soil was 
coarse and gravelly and the vegetation sparse. Quadrats 14 and x6 
show this strikingly. The soil in quadrat 14, whose slope is 28.5^ to 
the west, is very coarse and gravelly, and only one-tenth of the ground 
was covered with Aregetation. In quadrat 16, with a slope of 3® to the. 
.south, the soil is mainly of clay loam, with a small amount of, gravel, 
and three-tenths of the ground was covered with the same kind ' of 
vegetation ■ as quadrat 14. The loss of seedlings on the two quadrats 
was 28.4 and 1.4 per cent, respectively. These losses were, not due to 
severe' temperatures, but primarily to hea^fing of the. soil and erosion 
before, growth began. Additional contrasts can be seen in quadrats '3' 
and 5, and 31 and, 55. 
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Table V . — Loss of forage seedlings during the dormant and winter period ^ 


Ntmiber of each seedlmg species. 


80 Mountaiti btmcli-grass. . . 

, ■ I Western porcupine grass. 
244 Mountain bunch-grass. . . 

4 Elk-grass 

58 Mountain bunch-grass. . . 

1 Sickle sedge 

1 16 Mountain bunch-grass. . . 

61 Western porcupine grass. 

7 Yarrow 

116 Western porcupine grass 
.17 Mountain bunch-grass.. 

30 Smooth wild rye 

7 Western porcupine grass. 
27 Smooth wild rye 

2 Little bluegrass 

138 Little bluegrass 

• 9 Smooth wild rye 

' 6 Yarrow 

2 Mountain bunch-grass — 

128 Smooth wild rye 

1 1 Yarrow 

9 Crepis(sp.?) 

.91 Western porcupine grass. 




Total ntimber , of 




vigorous seedHugs 


Quad- 

Slope and ex- 

renmning — 

I 4 »S. 

rat No. 



posiire. 

Auttmm 

Spring of 





of ? 909 . 

19x0. 






Per 

} 3 

25*^ west. . . 

81 




18° west . . . 

248 

/ 238 

\ 3 


} s 

2, 8 

} 13 

16® west . . , 

59 

J 55 
\ 0 

7,0 

14 

28.5° west. . 

116 

, 53 

28. 4 

} 

3^ south . . . 

68 

% 

1.4 

} 

firi south- 
\ east. 

} 138 

26.3 

] 35 

12® south.. . 

37 

1 29 

1 ^ 

’‘t 

, 8. 1 

} 3 S 

f 4° south- 
1 east. 

} 29 1 

17. 2 


J 

f '^8 

3. 'I 

‘ • 42 

II. 5® south. 

3:5s 






1 2 





f 126 

' .2. 7 

‘ 44 

4® south . . . 

148 

1 10 




55 

10® east 

9 ^ 

81 

•10.9 


On steep hillsides where the original vegetation and network of roots 
had been seriously injured in the autumn by trampling, erosion carried 
the seedlings away or exposed portions of the more superficial (lateral) 
roots. Of the seedling loss during the resting period, 80 per cent was 
brought about in this way, though even this was nominal, averaging in 
the location studied only 7.3 per cent of the total stand. 

Low temperatures were apparently responsible for the loss not directly 
due to gullying, but such loss was evident only in exposed situations* 
Practically all of the mountain lands are covered with a heavy blanket 
of snow before severe temperatures begin, which prevents excessive loss 
of water through the plant tissues aboveground and eliminates loss due 
to alternate freezing and thawing.' No particular' spedes appear ''-'tO'' be 
especially. immune to loss during the winter months., ' The, roots of little 
bluegrass and sickle sedge to be exposed somewhat oftener than 
those of , mountain bunch-grass, porcupine' grass, short-awned brofne- 
grassj 'and other, spedes in the same situations'.' ' Mountain bunch-grass, " 
seedlings ' developed a rather unusually, elaborate root , system durihg the 
first', year, which assisted' in protecting them against adverse conditioii^,: 
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GROWTH AWI> LOSS FORAGE SEEDLINGS DURING SECOND AND SUBSEQOTNT 

SEASONS 

Dtifing the second year nearly all species make vigorous growth, both 
above and below ground. Plate XVI shows the deep and spreading 
character of the roots of 2-year-old mountain bunch-grass (natural size) 
at the end of the second season. It will be seen that the roots are much 
longer than the leaf blades. The vertical roots reach well beyond the 
dry substratum during the most critical period of drought. The leaf 
Hades, which number about 70 or 80 on the more vigorous individuals^ 
are all basal, with an average length of about 4 inches, about ha'lf that 
of the deepest roots. This splendid root and herbage development pro- 
vides the plant with abundant food-storage tissue, so that in the following 
:season vigorous growth begins promptly. 

During the third year the development of the plant is quite as marked 
m during the two preceding seasons (cf. Pis. XVI and XVII). Both 
roots and herbage grow rapidly from the first, though the growth of the 
former still greatly exceeds that of the leaf blades. Such development 
iS' essential, for the roots absorb moisture slowly, and where transpira- 
tion is great, nothing short of a well-developed root system can supply 
the plant with the moisture it requires. Owing to the depth and spread 
of the roots, the question of available soil moisture is not a serious one, 
since an ample supply exists 3 inches below the surface layer. At the 
start of the growing period there is a superabundant supply of moisture, 
and plants whose roots are well beneath the surface soil continue to 
extend, them more deeply until the innumerable root hairs have worked 
themselves through the capillary spaces among the soil particles, thus 
imurlng the plant against drought. 

By the end of the third year mountain bunch-grass and other species 
complete their life cycles, and cease to be seedlings. Flower stalks and' 
seed are then produced, as shown in Plate XVIIL At this time the 
plants are often as tall as older individuals. The specimen , shown 
in Plate' XVIII exhibits the maximum development attained, the 
average growth being shown in Plate XVII. The flower stalks (there 
are seldom more than three) of the 3-year-old plants ' as a rule are 
put' forth a few days later than those of the parent or older plants. Con- 
3 eq,U€ntly the seeds are not matured as early as are those of the longer 
^tablished individuals, though the variation rarely exceeds five days. 
So 'extensive is the 'development of the plants by the second year of 
' growth that the loss during that 'and .subsequent seasons owing, to di- 
.maticiao.tors is.'negligible.' 

The, facts derived from the study of the life history of the vegetation, 
which'' are .'important; as a. basis .fot' a''mtional and practical-grazing sys- 
tem,, may , be, 'Summarized as, .follows: , 
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1. The jSower' stalks of the important grazing plants begin to appear 
about July 5 and are for the most part produced between that date and 
August 10. The more vigorous plants send up their flower stalks first* 
Plants weakened by annual close and early grazing' do not produce 
flower stalks until late in the season, and then send up ‘only a few. ' 

2. The seeds begin to mature by August 15, and by September i the 
major part of the seed crop is ripened and disseminated. Plants weak- 
ened by close and early grazing do not mature seed unless the growing 
season is unusually long and exceptionally favorable. 

3. The viability of the seed of most species is low. The genninative 
power varies with different species, but especially with the vigor of the 
plants. Those which make a weak vegetative growth produce seed of 
very low viability. 

4. The seeds of the most valuable species lack means for working 
themselves into the ground, and, if reproduction is to be secured, they 
must be artificially covered. 

5. In the Hudsonian zone the germination period begins about Jitne 
25, and growth begins generally by July 15. 

6. During the first year of growth, a period of about 10 weeks, the 
forage seedlings make a vigorous development. Owing to the friability 
of the surface soil, however, and the superficial position of the roots at that 
time, there is rather a heavy loss of seedlings from freezing and drought 
during the spring period. 

7. During the dormant periods there is virtually no loss of seedlings. 
The onl5r factor causing loss is erosion. 

8. In the second and subsequent seasons physical conditions are favor- 
able to rapid development and growth of the young plants. By the 
end of the third season viable seed is produced. 

different grazing systems in THEIR RELATl'ON TO GROWTH, 
REQUIREMENTS AND REVEGBTATION 

From the facts brought out by the life-history studies it is plain that 
a rational method of grazing should (i) avoid weakening the vegetation 
through continuous grazing prior to seed maturity; (2) utilize, so far as 
practicable, the trampling of the' animals in planting the seed; and ■ (3)' 
provide, for protecting the reproduction against heavy grazing , until, it 
is 'firmly established. 

At the present time, grazing on the National Forests is carried' out' 
under one of ' three more or less distinct systems': (i) „Yearlong or season- 
long grazing year after year; (2) .yearlong or season-long grazing com-, 
bined with an occasional total restriction of stock ' during the entire year 
■for the purpose'of giving the forage plants a chance", to reproduce;, and'''(3), 
deferred grazing, which aims at a rotation in the time of using' each por-' 
',tion',"''of' the range,' ' each ,y'ear, ahowing, an,' area, tO';,; reach ,,;,;se'ed,,,'maturi'ty'' 
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before it is cropped, but grazing it after that period, in order to avoid 
loss of forage through nonuse and to assist reproduction by trampling in 
the seed. 

In the following pages the comparative merits of the three grazing 
systems, from the standpoint of the requirements of the range plants for 
growth and reproduction, are discussed. 

YEARLONG GRAZING 

The term “grazing system” implies a definite plan of utilizing the 
forage crop in accordance with certain basic principles. Yearlong or 
season-long grazing, however, is characterized mainly by a lack of system, 
since it fails to provide for the removal of the herbage at any particular 
time in any locality. Its ultimate results to stock and the range are not 
considered. 

It was this unrestricted grazing on National Forest lands prior to 
their inclusion that so seriously reduced the carrying capacity of the choice 
ranges. After the creation of the National Forests overstocking was 
eliminated as rapidly as the stockmen could meet the necessary reduc- 
tions, and regular grazing seasons w’ere established. Even under sea- 
sonal regulations, however, the prevailing practice of yearlong grazing 
has not been conducive to the most rapid improvement of the range. In 
northeastern Oregon sheep are permitted to enter the mountain grazing 
areas early in July, when mountain bunch-grass and most of the other 
palatable species begin to put forth their flower stalks. Up to August 
I the flower stalks are virtually as palatable as the leaf blades, and where 
the range is stocked to its full capacity, as it is in practically all cases, 
most of the stalks are removed prior to the formation of seed. Moreover, 
there is a tendency to graze the same lands prematurely each year, a 
practice which impairs herbage development. This not only prevents 
seed production, but also results in gradually decreasing the carrying 
capacity of the range through starvation of the forage plants. Prior to 
the time of seed maturity practically all of the range has been grazed 
over at least once, and, as a rule, only the vegetation on the inaccessible 
lands is allowed to mature seed. 

After about August i the flower stalks are not eaten* as a general rule, 
except in the case of certain moisture-loving species, such as butterweed 
:JSenecio tfiangidaris), but the vegetative portion, especially of the 
grasses, is so closely consumed as to prevent the manufacture of the food 
so essential to the development of the plants and the production of seed. 
Since the main seed-developing period in the Hudsonian zone comes in 
August, lack of an abundant food supply during the growth period is 
reflected in the low viability of the meager seed crop produced. 

To determine which species are becoining established under the system 
■' of yeariong'gtaringr several:typiGal'.areas, overgrazed in 'various degrees,. 
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were studie'd in 1907 before the stock was turned on to them. Full notes 
were taken on about 300 plots, i meter square. The lands selected were 
of the, open, parkiike type, with a scattered growth of w^hitebark pine 
and occasional clumps of alpine fir. Mountain bunch-grass was the 
predominating herbage species. ■ Certain portions of these ranges were 
seriously depleted, and the usual succession of early, aggressive annual 
weeds had replaced the original perennial type. At this altitude the 
annual plants are of little value for forage, though grazed to a limited 
extent in the spring when succulent and tender. ' On this account the 
annual plants are not included in Table VI, which gives the results of 
the two seasons' observations 
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The data given in Table VI, supplemented by observations made in 
1908 and 1909, show conclusively that on the typical lands studied the 
important perennial forage species are not being reestablished. For 
example, such important species as mountain bunch-grass, little blue- 
grass, and big bunch-grass gave a maximum count of 6.4 seedlings per 
square meter, as opposed to one of 26.96 for sickle sedge, a species of 
little value. Even on the lands which still support a fair stand of the 
original valuable forage virtually no reproduction is taking place. Moun- 
tain bunch-grass, which produces flower stalks at a relatively early 
date, and whose chances are therefore good for maturing a viable seed 
crop, shows no reproduction from seed where the ranges are grazed 
each year before the first week in August. 

Practically all the seedlings on these ranges are of inferior species. 
Sickle sedge, an unpalatable but aggressive perennial, forms not less 
than nine-tenths of the total perennial seedling stand. This sedge 
matures a strong seed crop at a relatively early date and, in addition,, 
perpetuates itself abundantly by offshoots from the rootstocks, which 
later develop seed. Besides sickle sedge, there was an occasional seed- 
ling of western porcupine grass, little needle grass, short-awned brome- 
grass, and slender hair-grass. The first three species are fairly good range 
plants, but the last named is grazed only to a limited extent early in the 
season. Probably because of this fact slender-hair-grass seedlings were 
more in evidence than any of the others. 

The maximum seedling density occurred on old bed grounds, where 
the vegetative cover was exceedingly scarce. The average number of 
seedlings obtained per square meter for all counts made upon such lands 
was 26,96 and 23,6 in 1907 and 1908, respectively. This exceeds by 
about 50 per cent the seedling stand for any other type of range exam- 
ined. There are three chief reasons why the seedling stand is dense 
on bed grounds: (i) The unpalatability of the parent species, coupled 
with early maturity of the seed; (2) thoroughness with which the seed 
is planted; and (3) relatively high water content of the soil. 

The seed of sickle sedge usually matures and drops before August .i, 
and in consequence the plant is neither weakened nor the seed production 
interfered with by foraging animals. Though on most bed grounds the 
soil is hard-packed, on the particular ones examined it was loose and 
porous, and the trampling assisted in conserving its moisture by pulver- 
izing the surface. During the main growing season in 1907 and 1908 
the soil moisture content of the bed ground averaged 30.2 per cent, 
exceeding by 7.9 per cent that of any other locality studied, except the 
^ swales. ' , ' ' , , 

To sum up, it may be said that season-long grazing continued year 
■; after, ■ jear,, seriously' interf eres^ .with . the' 'growth.: of. ..the, '' '.vegetation,, ■^.'de- 
creasing both the quantity and paiatabiEty of the forage crop. By the 
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failure of the forage plants to produce, seed, reproduction is prevented, 
resulting' in a gradual decline in the carrying capacity of the lands. 
Even under conservative use the carrying capacity of the range does not 
improve rapidly through reproduction of the more de.sirable species. 

YEARLONG PROTECTION 

To determine the practicability of reseeding the range' through year- 
long' protection from grazing, five typical overgrazed areas, situated at 
various elevations from 3,000 to 7,500 feet, were selected for study. 
Each area was fenced in 1907, and observations were made during four 
successive seasons. The results from the areas in each zone are pre- 
sented separately. 

Hubsonian Zone. — ^The areas closed to stock in the Hudsonian zone 
had been subjected to close yearlong grazing for several seasons (PI. 
XXI, figs. 2 and 3), and because of the resultant low \dtality of the 
vegetation practically no seed was produced during the first two seasons. 
In the third and subsequent seasons, however, a satisfactory seed crop 
of average viability was produced. The vegetative changes which took 
place in representative quadrats are shown in text figures 5 and 6. 

It will be seen that at the time of their establishment the quadrats 
contained no perennial forage seedlings. The first year passed without 
any making their appearance. In 1909, however, 7 seedlings appeared 
after the germination period, but, as shown in figure 6, only 5 survived 
the subsequent dry season. On the denuded quadrat (fig. 6, quadrat 2) 
2 mountain-bunch-grass seedlings came in during 1908, both of which 
succumbed later. In 1909, 10 seedlings were found in the spring, only 
6 of which survived the season. Seed was produced in abundance each 
year, but for the most part remained on the surface of the soil. At the 
beginning of the study the quadrats were stocked with an inconspicuous 
and useless plant called knotweed {Polygonum ramosissimtim) , which is 
common on overgrazed ranges throughout the mountain-bunch-grass 
association. On the permanent quadrats this species no more than held 
its own, but on the denuded plots it increased prodigiously. 

The contrast in the aggressiveness of reproduction of the annual and 
perennial species on protected areas, as shown in the case of mountain 
bunch-grass and knotweed, holds generally. The only perennial species 
which reproduced , well under yearlong protection' was western porcupine 
grass, the seed of which, as already pointed out, is planted by means' of 
an awn attached to the floral glume. 

'■ The fact' that practically no reproduction from seed was secured, 'as a 
result of yearlong ■ protection do^es not necessarily .mean that such 'pro- 
tection will not' bring'about an'increase' in the carrying capacity , of The 
,, range.". As a' matter .of fact .the 'carrying .'"Capacity . was inerease'd t,hrGUgh 
the production by 'the original perennial plants of more and longer leaf 
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blades and by an increase in the size of existing tufts or hummocks of 
tussock-forming plants. The leaf-blade increment is shown in Plate XXI , 
figures 2 and 3, where contiguous areas protected and grazed annually 
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prior to seeti maturity are compared. The leaf blades began to increase 
in number and length after the first year of protection and continued 
throughout the four years. The greatest development in the foliage 
came in the second y«ir of protection, when the plant for the first time 
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was able to maniifacture ample food. Many species of grass had doubled 
in length by the end of the fourth year. 

The increase in actual stand or ground cover was due almost entirely 
to the enlargement of the tufts, and text figures 5 and 6 show that even 
under season-long protection the bunch-grasses and other valuable plants 



do not increase rapidly by this means. Planimeter measurements of the 
tufts showed 'an average increase in diameter 'of only- 18 per cent for the 
third 'year of complete protection. 

'//'The: young, ' small 'tWts' w the only ones to increase noticeably in 
'me. 'The tufts; of , mountmn bunch-gra^ and most tussock-formmg 
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species seldom measure more than 12 inches in diameter, and with the 
approach toward full development the annual increase becomes less and 
less. At just what age the hummock or tuft reaches full development is 
not definitely known, the age doubtless depending upon the species and 
situation. 

Transition Zone. — Areas were carefully selected and fenced for 
study in the Transition zone in July, 1907. The range studied had been 
so seriously depleted that it was difficult to ascertain exactly what plant 
species constituted the main forage crop. The grasses found in more 
or less abundance at the time the plats were established were soft cheat, 
slender hair-grass, Olney’s bluegrass, mountain June-grass, pine-grass, 
big bunch-grass, and western porcupine grass. Other important forage 
plants occurring sparingly were yarrow, alfileria {Er odium cicutarinm) ^ 
arnica {Arnica cordifolia), and geranium. Though the ground appeared 
to be nearly denuded, there was here and there a somewhat conspicuous 
stand of Erigeron aureus ^ stonecrop {Sedum douglasii), Clarkia pulchella^ 
Dowlas {Polygonum douglasii). 

Buring the first year of protection there was practically no plant 
invasion of the permanent quadrats (PI. XX, fig. 3), but when the fall 
rains came — about September i — the early stages of invasion became 
apparent on denuded areas. The plants to enter first were knotweed, 
an inconspicuous annual weed, Clarkia pulchella^ Erigeron aureus ^ alfileria, 
soft cheat, western porcupine grass, and slender hair-grass, named in the 
order of their abundance. In the second year practically the same 
species entered the quadrats, wdth the addition of a mixed association of 
three perennial grasses — mountain June-grass, big bunch-grass, and pine- 
grass. Geranium, arnica, and stonecrop were also noted. At this time 
soft cheat, an annual species, wos the most conspicuous and aggressive. 

By the end of the third year, 1909, soft cheat had made such a rank 
growth that in certain portions of the protected area it had completely 
replaced the shorter annual weeds (cf. Pis. XX, fig. 3, and XXI, 
fig. i). In the denuded quadrats certain perennial species, mountain 
June-grass, big bunch-grass, Olney’s bluegrass, geranium, and yarrow, 
had also begun to appear as forerunners in the permanent establishment 
of perennial species. As a result of protection from grazing, the carry- 
ing capacity of the^ protected area as a whole had increased 150 per 
cent (PL XXII). ■ This figure represents the increment in the ground 
cover within the quadrats rather than the weight of the forage produced. 

■ Fully four-fifths of the, new growth' was composed of annuals, with' soft 
cheat easily " predominating. Seeds of this species are small and, like 
those of western porcupine grass, work their way into the ground by 
means of special contrivances. The larger and lighter seeds of the 
perennial plants were found on the surface of the ground at the time of 
germination, and in consequence practically no seedlings of these species 
had beeH' established. ' 'The perennial,' species' had'' reproduced' ,veget,a- „ 
'lively, but the increase was by no means rapid. 
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On both the lower and more elevated lands the new forage resulting 
from' yearlong protection consisted almost exclusively of annuals. A 
very small percentage indeed of the new stand was established through 
the reproduction of perennial plants. During the first two seasons of 
protectioBj even at the lower elevations, the perennials produced prac- 
tically no fertile seed. In the third season viable seed were produced. 
The perennial vegetation, which previous to protection' ' from grazing 
made such a weak growth that its presence was not observ^ed, finally 
became conspicuous after one or two seasons' of rest. Even under the 
most favorable conditions reproduction by the perennial species is slow, 
since the seeds are large and unable to work themselves beneath the 
surface of the soil. The nonuse of the forage under yearlong protection 
is a serious matter and would have to be considered before this system 
could be pronounced practicable. Moreover, the ■ accumulation of in- 
flammable material during the period of protection would result in 
increased fire danger. Under any circumstances it could not be carried 
out on a large scale without a radical readjustment of the stock industry. 

To sum up the facts regarding yearlong protection: The system is not 
an efficient one, because the most valuable perennial species fail to 
reproduce by seed. While the carrying capacity of the land is increased, 
this increase is slow and does not compensate for the waste of the forage 
crop during the long period necessary for revegetation. 

deferred grazing 

Unlike the two grazing systems- just discussed, deferred grazing is' based 
upon the requirements of - the vegetation through practically a double life 
cycle, as defined in the section on the life history of the range plants. 

To, determine the effect of the deferred grazing system, the vegetation 
in the different grazing zones was studied for two successive seasons. 
Convenient areas which had been overgrazed in various degrees and 
which were large enough to support ..a band of sheep after' the seed had 
ripened were closed to grazing from the.' beginning of the '■ season, imtil 
the seeds of the important species had matured. Upon maturity of the 
seed crop the range was grazed moderately by a band of sheep' during 
the' remainder of the season. The following year the same area " was' 
closed to sheep for the same period in order to give the- seedlings' an 
opportunity to develop a root system strong enough to withstand tram- 
pling' and also to permit a' second seed crop to'te .developed and ''dis^ 
semi,nated in case the' first' years -seeding was mrsuccessM.,^, .'.•When the 
area had ' been satisfactorily reseeded, it was grazed early in the,, season, 
and a second area, large enough to maintain, a' band' of sheep from the 
time of. seed maturity to the end of the season, was reserved, for deferred 
grazing. Results of , a study ' to . determine the , abundance - 'of 'seedling 
reproduction under, the deferred grazing .system, as', 'c»m|mred. ;wiffi 
.under .'Other systems, are^ shown in Table VII. 
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s^JEDUNG r:^robuction secured 

It will be seen that as a result of the deferred system of grazing the 
density of forage seedlings was from 2 to 10 times as great in 1909 as in 
1908,. Qirite as important as the density was the identity of the seedling 
species* It will be recalled that where yearlong grazing was carried on^ 
seedlings j aside from the annual weeds, consisted of two early-maturing 
annual plants, sickle sedge and slender hair-grass, together with a more 
valuable species, western porcupine grass. On the yearlong protected 
plots practically the only species were the few with small, heavy seeds, 
and the two porcupine grasses (Stipa minor and S. occidentaMs) which 
are' self -plan ting. Table VII shows that where deferred grazing was car- 
ried out the ground became stocked with seedling plants of all species 
which produce seed. The most valuable species, mountain bunch-grass, 
which failed completely under yearlong grazing and yearlong protection, 
responded exceptionally well. Its seedlings were found in all situations 
where there were parent plants to produce the necessary seed crop. 

In the Canadian zone several of the valuable species which failed to 
reproduce under either of the other systems regenerated more or less 
abundantly under deferred grazing. 

Although, under deferred grazing, forage seedlings were found wherever 
there were, enough parent plants to produce the necessary seed, the propor- 
tion of the seedling stand which ultimately became established depended 
mainly upon the habitat and climatic conditions, as -well as upon sufficient 
protection from grazing during the period of establishment. « ' ■ ■ 

EOSS OF seedeing reproduction by grazing 

To determine the extent to' which moderate deferred grazing reduces 
the stand of valuable forage seedlings and whether the subsequent seed- 
ling stand resulting from the' additional seed crop when thoroughly 
planted by trampling will offset the number of seedlings lost through 
grazing, observations were made on selected plots at medium ' and Hgh 
elevations. , The first, observations recorded the character of the vegeta- 
tion in and around' each quadrat for a radius of 10 feet; the density of the, 
herbaceous vegetation within and without the quadrat; the character of 
the soil and the slope and^ exposure; and the total number and identity 
of' the seedlings within the quadrat, and' their health' vigor, at the time' 
of observation. With such' data it was- possible to account for any unusua! 
loss resulting from subsequent grazing. It was recognized, for example,' 
that a seedling, even when deeply, rooted, is much more likely "to be 
destroyed by , trampling if it is situated on an abrupt hillside,, especially, 
in a denuded gravelly soil, than if situated in a level glade between, 'tuftS; 
of grass with intertwining roots. ■■ Again,, a seedling growing ''under' ad-' 
verse' moisture ,,Go,nditions does not develop as elaborate and deep a root ^ 
system as one which "has received „enough moisture to furnish the neces-' 



128 


Journal of Agricultural Research 


Vol III, No. a 


sary nutrieiits and so can not withstand as much disturbance of the soil. 
After the lands had been grazed and sufficient time had been allowed for 
the vegetation to recover, each quadrat was again observed and notes 
taken on the total number and identity of the forage seedlings which 
remained, the number of seedlings found dead, the number iiiiaccoimted 
for, the number whose recovery was doubtful, and the condition of the 
remaining seedlings at the time of the recounts. 

At Medium EuEVAtiONS. — ^The entire area studied slopes to the west 
and has a minimum altitude of 5,500 feet and a maximum which brings 
it into the lower Hudsoiiian zone. The topography is so irregular and 
there is so much down timber that the herbage can be grazed only under 
the most skillful open herding. The lower portion of the range is of the 
browse type, the much relished Nuttall willow predominating. The 
undergrowth consists of a host of weed)^ species, such as fireweed and its 
associates, with a scattering of smooth wild rye and short-awned broine- 
grass (PL XXIII). At the highest limits of Nuttall willow, seedlings 
of these species, on account of the shorter growing season, were not 
developed to the same extent as at the lower altitudes. 

The forage stand in existence before and after grazing is shown in 
Tables VIII and IX. 
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« of the seedlings whose recovery from gKiying or drought was doubtfuh none were inclttded in theimmhei composing the “ total niiinber of seedlings remaining,’’ as shown in 
coltmiu a of this table. 
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In Table VIII it will be seen that the seedling stand before grazing 
was rather dense, the average for all quadrats being 100.8 per square 
.meter. Fortunately the less valuable species, such as sickle sedge, were 
the ones most weakened by drought, their condition, as will be noted, 
corresponding closely with the character of the soil, the more porous 
types supporting the less vigorous plants. 

After grazing (Table IX) the average stand was reduced to 48.5 per 
square meter, a loss of 50.9 per cent. The heaviest loss was at the 
upper limit of the area, where the short growing season caused the seed- 
lings to be less deeply rooted. At the lower elevations the heaviest loss 
was where the young plants were cropped. Many of the lateral roots 
were pulled out or broken, and death followed. 

On account of the rather severe and uneven grazing, it w^as practically 
impossible to determine definitely what species were best able to Vvith- 
stand trampling. An examination of the root s3^stems showed that 
smooth wild rye had almost invariably pushed its roots more deeply 
into the soil than any other species. Short-awmed bronie-grass also 
develops an unusually strong, deep, and spreading root, and showed 
ability to withstand trampling and to recover its vigor when portions 
of the root were pruned off below the surface, or even when segments of 
the rootlets were exposed to the air. Seedlings of mountain bunch- 
grass also withstood trampling comparatively well, notwithstanding 
the fact that at the time the range was cropped it was not so far advanced 
as the other species. 

, At High EuEvation. — Owing to a great variety of conditions at the 
high elevations, 62 quadrats were established late, in August before, 
grazing. The range, which has a minimum altitude of approximately 
7,500 feet, is distinctly herbaceous, the growdli consisting primarily of 
grasses, with mountain bunch-grass and western porcupine grass pre- 
dominating in the order named. (See text fig. 5.) In addition, there are 
several species of sedges and’ rushes, with a vSprinkling of weeds and non- 
grasslike plants, especially in the moister situations. 

At the time of the first observations nearly all the seedlings were in 
good condition, though dead individuals were often found in the drier 
situations. In other , cases the terminal portions of some of the leaf 
blades were, dead, but this did not necessarily indicate a weakened con- 
dition, of, the plant. The seedling stand, before and after grazing, is 
shown in Tables X and XL 
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o Of tlie seedlings whose recovery from grazing, drought, or other causes was doubtful, none were included in the iiiiniber composing the "total iittmljer of seedlings remaining,’* as 
shown in column 2 of this table. 
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It be seen that both before and after grazing the more abtindant 
seedlings w'ere of mountain bunch-grass. smooth wild 13^6, short-awned 
bTOine-giass, sickle sedge, little bluegrass, and western porcupine grass. 
Table X shows that before grazing there was an average for all quadrats 
of 155.3 se-ediiiigs per square meter. After grazing (Table XI) this was 
reduced to So. 5 seedlings, a loss of 48. 2 per cent. A comparison of the 
height and root development of the same seedling species at medium and 
high elevations discloses the fact that the shorter and later growing season 
of the high range had not been conducive to the rapid development made 
by the seedlings in the lo\rer and warmer, though drier, situations. 
Tlioiigii the liigli ranges were grazed much more moderately, the loss 
was practicail}'' the same as on the lower ones. 

The factors responsible for the heaviest loss of seedlings through grazing 
were (i)' superabundance of soil moisture, (2) lack of soil moisture, (3) 
abnoniially dense seedling stands, and (4) irregular topograph3u ■■ 

111 w'ct situations the roots did not penetrate as deeply as in the more 
compact and drier soils, and so were more easily disturbed. Although 
in 'Some cases the seedlings recovered, the loss on the moist soils was 
relatively large, in fact occasionally live times that on the dry soils. 

Ill excessix'ely dry situations the loss from grazing w-as often serious, 
owing to the relatively weak grcvrth made by the seedlings and their 
poor recuperative power. ' In some places practically the entire seedling 
stand, was destro3^ed. Doubtless many of the seedlings whose destruc- 
1,1,011 vras charged to grazing would have perished in ■ any event from 
drought thougli the stand as a whole was not affected by this factor. 
The lack ot vigor in indmdual plants where the stand was unusually 
dense often caused a heavy loss. O.uaclrats with from ,250 to 500 seed- 
li,rigs almost iiTva,iiabIy suffered more than the, contiguous plots wTiich 
carried ,a sparser stand. In general, it may be said that more than 200 
seedlings to a .square meter is a heavier stand than most situations can 
■support perGiaiiently. Competition is most severe betwee.n plants of the 
same species, since each plant makes the same demand upon the habitat. 
■Where a dense stand occurred it was usualK- of a single species. 

The loss from trampling' vras much more' severe on steep slopes than 
on level situations. This was la-rgeh" the result of the coarser texture 
of the soils on steep slopes and of the greater extent to w-hich they are 
shifted , by grazing. Bioreover, because of the lack of soil moisture on 
iB,aay' of 'the steeper slopes,' the plants growing the,re are generally less 
■vigorous than those growing in, more level places. 

, mm AK'D ' ixrnNsit'y or grazing .iftrr nm rmsr yjsar 

"T'hoa,gh the, ■irform.ation here presented shows that the range upon 
■wiiich drferred^grazing.^^w^^^ suffered ,',h,eavy loss; of seedlings 

' whe2l^ moderately grazed, it should^ not be concluded that^ in' ■order to 
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insure pennanent iniprovement grazing must be suspended from tlie 
time the first seed crop is produced until the seedlings become established. 
Notwithstanding the fact that half the stand in existence in the autumn 
is likely to be eliminated by grazing, the planting of an additional seed ' 
c'rop mil, as a rule, fully offset this loss. 

'The time at which the seed crop of the established vegetation reaches 
maturity, marking the approximate limit of growth and occurring in the 
region studied about September i , is the beginning of the period ivhen the 
range may be grazed with the least injury to forage seedlings. During the 
four weeks prior to this period the root system almost doubles its growth 
and strength. 

On account of the much more elaborately developed root system at the 
end of the second year of the seedlings’ growth, the loss through grazing 
at that period perceptibly lessens. Even then, however, the range should 
not be grazed prior to the maturity of the seed crop. Restriction of 
grazing to the period following seed' maturity will give both the i- and 
2 -year-old plants sufficient protection to insure the restocking of the 
range. 

To sum up the conclusions regarding deferred grazing, it may be said 
that the system has proved highh^ successful wherever an adequate seed 
crop was produced. Its advantages over yearlong grazing and yearlong 
protection are (i) the restoration and maintenance of the vegetation 
without the loss of the forage crop in an}" year,' (2) the planting of the 
seed, and (3) the removal of the vegetation itself, thus iiiiiiimizing the 
fire danger from an accumulation of inflammable material. 

Deferred grazing has all the advantages of complete protection, so 
far as the rejuvenation of the weakened plants is concerned; and, if 
overstocking and abusive management are guarded against, the system 
will work no material injury to forest reproduction or watersheds. It 
is believed, therefore, that the principles of deferred' grazing, with wffiat- 
ever modifications are necessary to meet local conditions, should' he 
applied to the management of all ranges... 

APPLICATION OF DHFERRFB GRAZING SYSTEM TO RANGE 
MANAGEMENT 

WHERE APPLICABUE ■ 

If grazing lands' are to be fully revegetated within a reasonable time, 
the range lands must, of course, support at the outset 'at' least a sparse 
st.and of the species valuable for grazing and revegetatioii purposes. 
Ill the Wallowa Mountains, where mountain bunch-grass constitutes the 
predominating herbage, a satisfactory seed crop and subsequent' seedling 
.stand . were. ''S'ccured where the , 'original; tussockS". stood.: as far apart as 
'6 feet. Where, grazing ..has been' so' severe, as to destroy the major por- 
: tion ■ of the original vegetation, the '-remaining, .plants may not produce 
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viable seed iititil after they, ha%^e regained their lost vigor, a matter 
of one or two seasons.' On other sparsely vegetated lands, however, , a 
stand of froni' 15 to 30 seedlings per meter, which is a satisfactory 'density 
on most soils, has been secured after the first year of deferred grazing. 

The benefits of deferred grazing are not confined to areas which sup- 
port plants of strong' seed habits or those where the climate is particularly 
favorable to growth. Though on areas near and above timber line, 
where most of the forage plants reproduce vegetatively instead of by 
seed,' deferred grazing does not tend to augment vegetation as it does 
on areas where the plants reproduce by the latter method, it does result 
in a permanent increase in vigor of the range plants and so promotes 
vegetative reJ^roduction, which othemise would be held in check; by 
the premature removal of the herbage each season. In short, given 
a sufficient number of the original plants, deferred grazing is applicable 
wherever the vegetation is palatable after the seed crop has ripened and 
where water facilities will permit the range to be used in the autumn. 

Before the deferred grazing system was thoroughly tried out, certain 
stockmen maintained that after seed maturity the palatability and 
niitritiousness of the herbage would be low and therefore that the sea- 
son's . forage crop would not only be wasted, but stockmen might be 
induced to keep their animals in the mountains until so late in the season 
that on account of, the resultant loss of weight they would not be able 
to market them direct from the summer range. 

■ To determine definitely the nutritive value of the forage after seed 
maturity, chemical analyses were made of the foliage of mountain bunch- 
grass, first, when the, flower stalks were being produced, and again, at 
the time the seed ripened. The average- of - the tests showed that the 
young growing plant is 27.21 per cent richer in ether extract (fat) than 

■ the mat-ure plant, while the la tier slightly exceeds the former in protein 
.. (nitrogen). The mature plant, also contains ■ more crude fiber, but 
,siiice the flower stalks are not consumed after the seeds are ripened 
that part of each specimen was eliminated from the tests. In com- 

■ parison with timothy hay, mature mountain bunch-grass contains 
: ,94.39 percent more protein, practically the same amount of ether extract, 

and' 50,45 per; cent less crude fiber, the last-named material being prac- 
, , tically indigestible. 

■ . . Nearly , , all the ■ leading ,' range plants, particularly the grasses, ■ ■ are 
"grazed 'during the , autumn with 'relish. .It-, can not be said, however,' 
'■-that '.they, are eaten with the 'same gusto after seed maturity "as when 
", ■ they are' growing - idgorously. It^ was found that the first„time a' band- 
of sheep 'passed ".'O.ver a matured range of. medium density -only , about 
half of the forage , crop was grazed off'.::.- - Not -until 'the Tange was ''grazed 
",a .second or third ' time w,as - the 'crop- entirely consumed.; The -vegetation 
,on -similar ranges- grazed ','a' month '-earlier'-, was in,''''mO'St',cases''-to'tirely^^ 
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Slimed tlie first time the stock passed over it. On ranges grazed after 
seed maturity the na flower stalks, rising from leafless tufts of btincli- 
grass, remained after m ; stock had' passed over them, but on ranges 
grazed when the forage was^ succulent and tender no flower stalks were 
visible after the passage of the stock. No appreciable amount of herbage 
remained on either area. 

Sheep from several allotments where deferred grazing was practiced 
made fully as good progress as other sheep in allotments not handled 
under deferred grazing. By the time the seed has ripened, the milk flow 
of the ewes is nominal, and though it may decrease slightly when the 
animals are placed on the semi-air-cured forage, the lambs by this time 
are 4 or 5 months old, and milk is secondary to the nourishment secured 
through cropping. 

Deferred grazing does not materially change the character of the for- 
age on momitain ranges after seed maturity, because by this time succu- 
lent forage everywhere has been reduced to a miiiimum, lea\ 4 ng only 
the air-cured plants and on open grazing lands a small amount of second 
growth. By protecting part of the range until the last few weeks of the 
grazing season there is the possible advantage of having a reserve supply 
of solid feed upon which to harden the stock prior to the drive to market 
or to wdnter range. 

The water facilities of the range may be an important consideration 
in deteimining whether or not to adopt the deferred grazing system. 
Regardless of the palatability of the forage, deferred grazing can not, be 
carried' out' unless there is an adequate supply of water. On many ranges 
the w^ater facilities may be improved by the construction of dams, the 
development and protection of springs, and even by digging w^ells and 
building windmills. Springs and small mountain streams are often 
replenished by the autumn rains. ' 

shukctiok or uakds , 

■ The amount of range needed- for grazing under the deferred system' 
depends upon (1) the time at wdiich the seed of the , important ' forage 
pla,nts matures and (2) the portion of the grazing season remaining 'after 
seed maturity. "In the mountains of northeastern Oregon one-fifth of 
the grazing season remains after seed .maturity. Accordingly, one-fifth 
of the carrying capacity, but not necessarily of the total acreage, of each 
grazing allotment may be reserved: annually for purposes of ■ revegeta- 
tion. The lower the elevation the earlier, of course, does the seed mature 
and'', the greater the' proportion of range which' must be' resented '.for 
deferred grazing. Since, the lands are "usually: grazed by camps," the' 
carrying capacity -of which is well known,''. the. u.ser, will have:'no'di'fiiculty 
in'' determining what proportion of "the'', range should be,, reserved. 
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MANAGEMENT DURING THE REVEGATION PERIOD 

Once the area in need of revegetation has been selected, no stock should 
be allowed to graze on it until after the seed has ripened. Efforts should 
then be made to have the stock pass at least once over The entire area 
resented, in order thoroughly to plant the seed. 

In the second year of deferred grazing if a reasonably dense stand of 
forage seedlings has been secured, abusive herding must be avoided. 
'While it may do no apparent harm, so far as future seed crops are con- 
cerned, to fully utilize the forage in the fail after the first year of protec- 
tioiij the loss of seedlings, even when the range is only moderately grazed,- 
amouiits to about 50 per cent. Close grazing and carelessness in per- 
mitting the stock to biinch and trail must necessarily increase this loss. 
Therefore, wTiile close grazing* after seed maturity the second year may 
result in increasing the forage seedling stand the fo'llowing season, such 
an increase co'iild only be temporary, since the practice causes severe 
loss among ;the seedlings already in existence. Moderate grazing after 
seed iiiatiirity also, of course, results in the destruction of a large number 
of seedlings, but the double advantage of utilizing the forage and plant- 
ing an additional seed crop readily offsets this loss. Moderate grazing 
sliotild be practiced in the second and subsequent seasons until the plants 
have reached full iiiaturiry and are permanently established. In the 
case of perennial plants this period is three years. 

'Wiien the area selected has been thoroughly reseeded and the plants 
pennaiieiitly established, another area in need of reseeding should be 
selected. This system should not come to an end when the range has 
'been 'completely reseeded, but should be kept up in order to thoroughly 
tiiaintaiii the Aigor of the vegetation and allo^v for an occasional seed 
crop. ' ' 

'During the season of 1912 deferred grazing was in effect on 10 allot- 
■iiients ill Amrious portions of the Wallowa National Forest. In every 
case the carrying capacity of the range has increased materially, and, 
the best interests of the stock industry seem to call for the adoption of 
the system generally. 

SUMMARY 

Normally the' spring, growth of forage plants begins in the Hud- 
'sonian zone about' June 25. For each 1,000 feet' decrease in elevation 
'this .period comes approxiiiiately .seven days earler. 

(2) Ih' the Wallowa Mountains the flower stalks are produced ,approx- 
', iQi,atdy betweeii'Jiily 15 and August 10, w^hile the, seed matures ,betweea 
' Angus t,,r5 'and September I, ■ 

(3) Even, under the most' favorable conditions', the 'suability .of' the seed 
on summer ranges. is ,relatively lowv " 

'■ :( 4 ,,}', feji 2 Q'Vai'''of,' .the herbage- year''after'' year. during'The'earty of.' 
rile .gro'wing season weakaas the 'plants, .delays , the fesumption of, growth j, -' 
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advances the time of maturity, and decreases the seed productioti and 
the fertility of the seed. 

(5) Grazing after seed maturity in no way interferes with flower-stalk 
production. As much fertile seed is produced as where the vegetation 
is protected from grazing during the whole of the year. 

(6) Germination of the seed and establishment of seedlings depend 
largely upon the thoroughness vdth which the seed is planted. In the 
case of practically all perennial forage species the soil must be stirred 
after the seed is dropped if there is to be permanent reproduction. 

(7) Even after a fertile seed crop has been planted there is a rela-, 
tively heavy loss of seedlings as a result of soil heaving. After the first 
season, however, the loss due to climatic conditions is iiegiigible. 

(8) When 3 years old, perennial plants usualh^ produce flower stalks 
and mature fertile seed. 

(9) Under the practice of yearlong or season-long grazing both the 
growth of the plants and seed production are seriously interfered v-ith. 
A range so used, when stocked to its full capacity, finally becomes, 
denuded. 

(10) Yearlong protection of the range favors plant growth and seed 
production, but does not insure the planting of the seed. Moreover,' it 
is impracticable, because of the entire loss of the forage crop and the 
lire danger resulting from the accumulation of inflammable material , ' 

(11) Deferred grazing insures the planting of the’ seed crop and the 
permanent establishment of seedling plants without sacrificing ' the sea- . 
son's forage or Establishing a fire hazard. 

(12) Deferred grazing can be. applied -wherever the vegetation' remains 
palatable after seed maturit}?* and produces a seed crop, provided ■ ample ' 
water facilities for stock exist, or may be developed. 

(13) The proportion of the range which should be set aside for deferred 
grazing is determined by- the time of year the.' seed matures. . In the" 
Wallowa Mountains one-fifth of the summer grazing season remains after 
the seed has ripened, and hence^ one-fifth of each, range allotment may 
be grazed after that date. 

(14) The distribution of water and the extent of overgrazing 'ifil' 
chiefly determine the area upon which grazing should be first deferred. 

(,i 5) After the first area selected has been revegetated it may be, grazed 
at the usual time and another area set 'aside for deferred grazing.. ' This ■, 
plan of rotation from one area to another should" be continued,, even" 
after the entire range has been revegetated, in, order to maintain; the 
vigor of the forage plants and to .allow the. production of an occasional 
seed crop. ' , 



Mg.^ I. — ^View/of tlie lower grazing lands in die Wallowa National Forest* Tlie 
'timber is,, western yellow .pine. 'The exposed situations arc covered with 'a dense 
growth; of ' bi'g ' bunch-grass {Agropyron spicahim). 

Fig* '2.— Characteristic open stand of western yellow pine and' dense cover of herba- 
ceous vegetation, mainly pine-grass {Cdlamagrostis puhescens), Wallowa National 
Forest. Transition zone (yellow-pine association). ' ' 

Fig. 3.*— A btimed-over area of lodgepole' pine, with characteristic dense sap,liiig 
stand* ■' , 





PLATE XIII 


Fig. I. — Dense stand of lodgepole pine, witli iindergrowtli of red huickleberry {Vac- 
cinium scoparium), Canadian zone (lodgepole-pine association). 

Fig. 2 . — A flat eminence in the Hudsonian zone, showing the characteristic cltimped 
growth of whitebark pine and Alpine flr. The glade land was formerly densely yege- 
tated with mountain btmcli-grass. 

Fig. 3. — Irregular topography of the upper grazing lands. On northerly exposures 
snow often reriiains Until August. Photographed on July 25, 1908. Hudsonian zone 
(whitebark-piiie. association). 



PI.ATE XIV 


. Fig. i.~— Arctic-Alpine and Tipper subalphie region, where forage is sparse, ditc to potor 
soil, short growing season, and unfavorable climate. 

• Fig. ,2.-— Mountain range lands prior to the beginning of growth and germi.iiatiom 
Photographed on June 21, 1908. 

■ Fig., 3,.-— Same view, as shown in figure 2, but- more in detail, showing, the condition 
eight days late,r (June 30). ■ The conspicuous plantin- the foregmiiiid is s;pr,i;iig beauty 
{Claytonia Mnceolaia)^ whicii closely follows the recession of the snow'aiid cmiiotinces 
the,^earliest approach of spring. 
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PIvATE XV 


Fig. I. — Contrast in the progress of the flower stalk production of motmtain bunch- 
grass on portion of range which has been completely closed to grazing for a period of 
three successive years and on range which has been subject to continued early grazing. ■ 
Section of fence temporarily removed. Photographed on July 7 , 1909, before grazing. , 
Fig. 2.— Western porcupine grass {Siipa occidentalis), showing empty glumes and 
floret with the scale and its awned projection to the left; to the right the floret with 
glumes removed, showing the sharp-pointed, slightly-curved seed tip., • Natural 'size. 

Fig. 3.— Average development of the root system and aerial portion of 'moimtain,'', 
bunch-grass at' end of '^the first growing season. Natural size* , ' 



finite; XVI ■ ' 

Moimtaiii 'biiBcli-grass, sliowiaag root development and aerial growtli at tlie end of 
tbe second season. Natural size. . 












FMTE XVII 

Momitaitt bunch-grass in the spring of the third year of growth just before producing 
flower stalks, showing the natural position and length of the elaborate root develop- 
ment and aerial growth. Natural size. 



PIRATE xvm 

Motintaiii btiticli-grass at the end of the third year, showng three flower stalks and 
mfiorescence. Natural size- 











PLATE XIX 

Sickle sedge (Cutex umhellaia brevirosins)^ showiag ofslioots from tlie root-stocks 
and flower stalks witli fruit in the process of development. This is an aggressive btit 
impalatable plant which is reproducing, abundantly on overgrazed ranges under, 
the. prevailing grazing practice. Natural size. ■ 



XX 

Fig. I,— Station 4 on Stanley Range as it appeared on July 12, 1907. , 'Bleyatton, 
7j4ooleet, ■ 

Fig.' 2,.“~View,of station 4 on July 15, 1909, after two years’ protection froiii grazing 
animals..' The apparent increase; in forage is'dtie to luxuriant growth of the vcgeta» 
tion^n existence when stock was eliminated and to slight vegetative increase in the 
grass tufts. ' '■ No perennial seedlings were found on this- area. 

, Fig. 3. — -View of quadrat No. 1, established on July 10, 1907. Annual weeds con* 
: stitute the predominant vegetation. ' .Elevation, 3,000 feet. 













PLATE XXI 


Fig. I. — Quadrat x, as it appeared on July i6> 1909. Soft clieat occupies four- 
fifths of tlie quadrat, the balance being composed mainly of mountain June-grass, 
geranium, and yarrow., ■ 

Fig, 3.*— Area of rnoimtain buncb-gniss closed to grazing animals on July 8, 1907. 
Photogi*aphed July 7, 1909. vStanley Range, elevation approximately 7,400 feet. 

Fig, 3. -"-View of open range contiguous to area shpwi in figitre 2. Photographed 
on July 7, 1909. 

, 62697 ®— 



PLATE XXII 


View of plot in tlie Transition (yellow-pine) zone wliich has been protected from 
grazing animals for three successive years, showing contrast in carrying capacity with 
contiguous open range. The increase in stand is due almost entirely to the repro- 
duction of annual plants. 



Plate XXII 
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PLATE XXIII 


Fig. I. — View of portion of allotment at medium elevation where the destruction of 
forage seedlings due to grazing and trampling was studied. 

Fig. 2. — Dense stand of smooth wild rye {Elymus glaucus) and short-awned brorae- 
grass (Bromtis marginaius) seedlings. These species were fully 4 inches tall by August 
15 and were invariably grazed by sheep on areas comparatively free from other 
vegetation. 




PECAN ROSETTE 


By W. A. Orton, Pathologist in Charge ^ Cotton and Truck Disease and Sugar-Plant 
Investigations, and Frederick V. Assistant Pathologist, Laboratory of Plant 

Pathology, Bureau of Plant Industry 

HISTORY AND DISTRIBUTION 

Rosette lias been rather generally recognized by growers as a serious 
disease almost from the inception of commercial pecan orcharding. 
As early as 1902 requests came to the United States Department of 
Agriculture for an investigation into the causes of the disease and possible 
methods of control. The work was at once undertaken by the senior 
author and carried on for about four years in connection with other 



RjO. 3c.”“Map showing the known distribution of pecan rosette hi the United States. 


work in the Southern States, but between 1906 and 1910 little attention 
was paid to the disease. Since 1910, and more particularly during the 
seasons of 1912 and 1913, the experimentation has been continued by 
the junior author. 

The disease is well distributed over the pecan-growing territory from 
Texas to the Atlantic coast and from Florida to Virginia. (See fig. i.) 
It has been definitely seen by one or the other of the authors at Whittierj 
CaL; San Antonio, Boerne, Waring, Kerrville, San Saba, Waco, Austin, 
McKinney, Tex.; New Orleans, La.; Ocean Springs, Miss.; Atlanta, 

The work of the junior author was carried out while he was employed as scientific assistant in the Office 
of Fruit-Disease Investigations, Bureau of 'Plant Industry. , 

. . '■ Vol.TlI,No.ffl''': 
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Statesboro, Albany, De Witt, Baconton, Thomasville, Cairo, Valdosta, 
and Blacksbear, Ga.; Belleview, Palatka, Sisco, Gainesville, St. Augus- 
tine, Jacksonville, McClenny, Glen St. Mary, Alachua, Bake City, Monti- 
celio, Newport, and Tallahassee, Fla.; Mt. Pleasant, Denmark, Bamberg, 
Greenwood, Blackshear, Orangeburg, St. Matthews, Fort Motte, Cam- 
eron, Sumter, Summerton, and James Island, S. C.; Durham, N. C.; and 
at Eastville, Va. Besides personal observations at the places above 
entiinerated, specimens of pecans {Cary a illinoensis) showing undoubted 
symptoms of rosette have been received from a much wider territory 
including Arizona, Tennessee, and other States. Similar symptoms 
have been obseiv^ed by the authors upon other species of hickory, notably 
the mockernut (Carya alba (L.) K. Koch.), and the pignut (C. glabra 
(Mill.) Spach.), also upon the butternut (Juglans cinerea B.), the rock 
walnut of Texas {Juglans r^ipestris Engelm.), the hackberry {Celtis 
occidentalis B.), and the common locust {Rohinia pseudacacia L.). 

Furthermore, pecan rosette does not appear to be limited to any par- 
ticular soil type, topography, or season. We have noted many distinct 
and undoubted cases in the deep sand of the Florida Coastal Plain with the 
water table at 3 to 3^^ feet from the surface, farther inland in deep sand 
or sandy loam with the water table varying from 2 to 10 feet, in sand or 
sandy loam underlain by yellow, red, or white clay at depths varying 
from a few inches to several feet and with a varying water table, in the 
clay or sandy clay of washed-out hillsides, in the river bottom and alluvial 
soils of Bouisiana and Texas, in the black upland soils of Texas, in cul- 
tivated and uncultivated land, with and without fertilization, in ex- 
tremely rich and extremely poor soils, and in wet and dry seasons. In fact, 
for the localities personally investigated, swamp land has presented the 
only location so far entirely exempt. It is true that wherever the soil 
tends to be water-soaked through a considerable portion of the growing 
season the pecan presents an unhealthy appearance through its failure 
to make proper growth and through the sickly yellow appearance of the 
leaves. Under such conditions the tree usually dies sooner or later. The 
symptoms, however, bear so little resemblance to those of rosette that 
even the most casual obsen^er will not confuse the two diseases. 

STOPTOMS AND VIRULENCE OP PECAN ROSETTE 

Pecan rosette first makes itself evident through the putting out of 
undersized, more or less crinkled, and yellow-mottled leaves (PL XXIV, 
figs. I and 2) , particularly at the ends of the branches. The veins tend to 
stand out prominently, giving a roughened appearance to the leaf blade, 
and the light-green or yellowish areas which give the leaf its mottled 
appearance occur between the' veins. In these light-colored parts 'the 
tissues are thinner and less fully developed than in the normal leaf, and 
later in the season they frequently become dark reddish brown and dead. 
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In many eases the intervascular tissue here and there fails to develop 
at all, so that the lamina is dotted with smooth-margined holes suggesting 
insect perforations which have subsequently healed over (PI. XXV). 
These first symptoms may occur over the whole tree at once, but often 
one or more branches may be affected for several months before the whole 
tree appears involved. At this stage the foliage as a whole often presents 
a rusty appearance. The diseased branches usually fail to reach their 
normal length, so that the leaves are clustered together on a shortened 
axis, giving a bunched appearance to the group which led the senior 
author, about 1902, to apply the term “ rosette'' as an appropriate name 
for the disease (PI. XXVI; cf. fig. i, rosetted shoot, with fig. 2, normal 
shoot). Nuts are frequently borne and carried to maturity on these 
branches. 

In some cases the disease goes no farther. The trees may continue in 
this way for several seasons, or they may recover completely after show- 
ing the early symptoms for one or more years. However, in a w^ell-de- 
fined case where the symptoms are general over the greater part of the 
tree, the affected branches begin to die back from the tip during the lat- 
ter part of the first season or later (Pis. XXVII and XXVIII). At 
first brownish spots and streaks appear in the green bark, and these dead 
areas increase in size until the whole end of the twig or branch dies. 
While death appears to start in the green bark, the cambium soon be- 
comes affected and the wood and pith are usually discolored. This 
dying back or “staghorn" stage is followed during the same or the fol- 
lowing season by the development of numerous lateral shoots from dor- 
mant or adventitious buds. In young vigorous trees these first shoots 
of the season are usually large and succulent, and the leaves are dark 
green and above the normal in size. In all probability this effect is 
physiologically equivalent to the effect of severe pruning. Toward the 
middle of the season, however, the typical yellow-mottled color appears 
and the later-developed leaves are more or less crimped and roughened, 
as well as below the normal in size. Dormant axial buds of one or two 
series may develop into abortive shoots, and toward the end of the sea- 
son clusters of short or spindling branches usually put out from adventi- 
tious or dormant buds farther back on the branches or on the main trunk. 
The leaves in these cases are much reduced in size and may appear as a 
mere skeleton with ragged edges. 

This process goes on from year to year. The growth of the tree is 
checked, and these abnormal clusters of branches are formed only to die 
back each season and be followed by others. Thus a well-marked case 
of several years' standing presents a characteristically gnarled and for- 
lorn appearance (PL XXVIII, fig. 3). Rosette in all its forms occurs 
■'in Trees from seedling and budded or grafted "nursery stock to trees of 
long-establislied maturity, a hundred or more feet in height^ and it is 
:Otie of ■ the worst diseases, known' to affect pecans. 
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PRUNING EXPERIMENTS 

If the rosette were of a parasitic nature, it seemed entirely possible 
that a severe pruning out of the diseased parts or at least a cutting back 
to the stump might entirely eliminate the disease. To test out this propo- 
sition, 10 distinctly rosetted trees in the orchard of Mr. J. B. Wight, 
Cairo, Ga., were severely pruned and 5 similarly diseased trees were cut 
off at the ground and allowed to send up sprouts from the stump. This 
work was done in the winter of 1902-3, and observations the following 
midsummer showed the new growth in all the trees to be distinctly 
rosetted (PL XXVIII, fig. 2). 

In like manner three 7-year-old trees were severely cut back, or “de- 
horned,” and five other badly diseased trees were cut back to a stub 18 
inches high. This work was carried out in February, 1912, in the orchard 
of Mr. G, W. Saxon, Tallahassee, Fla. The following spring most of 
the new growth was vigorous and the leaves were dark green and normal 
in appearance. Toward midseason, however, the leaves began to appear 
yellow mottled and those most recently developed were undersized; 
before the end of the season every tree and nearly every shoot was badly 
affected with rosette. 

In the summer of 1911 three badly diseased trees belonging to the 
Standard Pecan Co., Monticello, Fla., were cut back to the trunk. The 
following midsummer all the new growth was rosetted as badly as before 
cutting back. 

Further observations have been made upon the effect of severe pruning 
and cutting back in orchards at Belleview, St. Augustine, Monticello, 
and Tallahassee, Fla. ; Thomasville, Baconton, and Albany, Ga. ; and at 
Orangeburg, S, C. In all cases the same negative results have occurred. 
Usually in vigorous trees the new growth appears healthy, as in the case 
of rosetted trees severely cut back by the disease itself; but before the 
end of the summer or at least by the next season the rosette again 
appears. The disease was in no case eliminated by pruning. 

TRANSPLANTING EXPERIMENTS 

In order to determine whether the cause of the disease was to be sought 
in the tree itself or in the soil, several transplanting and germination 
tests were carried out. 

In December, 1902, 8 badly rosetted trees were dug up from the J. B. 
Wight orchard at Cairo, Ga., and healthy seedling nursery trees were 
immediately set in the holes. At the same time 41 nursery trees were set 
in vacant places where no trees of any kind had been growing for one 
or more years. The following August, i tree out of the first group 
and 8 out of the second were dead, probably from effects of transplant- 
ing. All the remaining trees were apparently in a normal ' condition. 
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Of the remaining 7 trees in the first group, 4 continued healthy for two 
seasons and were dug up. One was badly rosetted the following season, 
I showed a slight trace of the disease at two years and was dug up, 
and the last tree, which was normal at the time of observation in 1903, 
1904, and 1912, showed a distinct case of rosette in 1913. Of the 33 
remaining trees of the second group, 16 remained normal through two 
years, and were cut out, 5 were normal at the time of all observations, 
while 12 at one time or another showed distinct symptoms of rosette. 
It will be noted that the percentage of trees contracting the disease did 
not differ greatly in the two cases. 

In the same orchard, during the fall and early winter of 1904-5, 35 
healthy trees, comprising ii varieties, were set in holes occupied by 
rosetted trees within one year. Likewise, 1 1 trees, comprising 7 varieties, 
were set after healthy trees had been removed or in places previously 
unoccupied. Observations in 1912 and 1913 showed 33 trees of the first 
group with pecan rosette and only 2 normal. Of the second group, 6 
contracted rosette, while 5 were normal in appearance. 

Similarly in February, 1908, 27 trees of 7 varieties were set after ro- 
setted trees, and 4 trees of 3 varieties in vacant places or after healthy 
trees. Observations in 1912 and 1913 showed 24 trees of the first group 
to be rosetted, and 3 healthy. In the second group 2 were rosetted, 
while 2 were healthy. 

In the winter of 1904-5, 10 rosetted nursery seedlings at Cairo, Ga,, 
were transplanted to a part of the same field previously unoccupied by 
pecan or other hickory trees. Observations during October, 1905, 
showed 6 trees apparently normal, 3 with symptoms of rosette on the 
older leaves, but with the later growth normal in appearance, and i 
with traces of rosette. The following August, 9 trees appeared healthy, 
and I presented a doubtful case of rosette. In August, 1907, all 10 
trees were apparently normal. In February, 1908, 2 trees which had 
died from unknown causes were replaced with healthy trees of the Stuart 
variety. The next observation, made in September, 1912, showed 6 
distinct cases of rosette (including the 2 Stuart pecan trees above 
mentioned), 2 trees with doubtful symptoms of rosette, and 2 normal. 
The last note, made in August, 1913, showed 5 distinct cases of rosette, 
the same 2 doubtful cases, and 3 normal trees. Four of the rosetted trees 
were much improved in appearance over that of the preceding season. 

Forty-three rosetted nursery trees at Glen St. Mary, Fla,, were trans- 
planted from the nursery row (March, 1907), where the water table was 
about 18 inches below the surface, to another part of the place where 
the soil was a loamy sand underlain by day, with the water table at a 
considerable distance below the surface. Owing probably to the late 
spring transplanting, 18 of the trees died without putting out leaves. 
Of the remaining trees (October, 1907) 18 showed distinct symptoms of 



154 


Journal of Agricultural Research 


Vo!. Ill, No, a 


rosette^ 3 had doubtful traces, while 4 were normal. During the follow- 
ing winter part of the vacant places were filled from the nursery, mak- 
ing 38 trees in all. No further observations were made until the summer 
of 1910, at which time no traces of the disease were apparent. In 
August, 1912, 18 trees were normal, 12 were distinctly rosetted, while 6 
showed traces of the disease. The following August, 31 trees were 
normal, 2 were distinctly rosetted, and 3 showed traces of the disease. 
Throughout the experiment the trees received no pruning, and little 
attention of any kind save an occasional cultivation and moderate appli- 
cations of a complete commercial fertilizer. 

In December, 1903, 6 nursery trees showing symptoms of rosette were 
taken up at Dewitt, Ga., and sent by Mr. Herbert C. White to Washing- 
ton, D. C. During the latter part of November, 1904, a like number of 
rosetted nursery trees were sent by Mr. J. B. Wight from Cairo, Ga. 
Upon receipt these trees were potted in garden soil and placed in one of 
the greenhouses of the Department of Agriculture. All the trees lived, 
but observations up to January, 1907, gave no evidence of rosette in 
any of them. ' At this time 4 were set out at Takoma Park, D. C., 4 at 
Glen St. Mary, Tla., along with the trees described in the preceding 
experiment, and the remaining 4 were left in the greenhouse. The 
Takoma Park trees died from other causes after the second winter, but 
showed no more rosette. The 4 trees set at Glen St. Mary, Fla., were 
healthy during 1910 and 1911. In August, 1912, i tree showed a 
trace of rosette, but the following season all 4 were healthy. The green- 
house trees remained healthy until destroyed the next year to close the 
experiment. 

In the winter of 1912, 5 Stuart nursery trees which had reached the 
staghorn stage of rosette were sent by Mr. H. K. Miller from Monticello, 
Fla., to Washington, D. C., where they were potted in garden soil and 
placed in one of the Department greenhouses. The trees were rather 
large for potting, and therefore both roots and tops were severely pruned. 
Probably as a result of this severe treatment, together with the almost 
entire absence of lateral roots, the tops of all 5 trees died, but the follow- 
ing season 3 sent up sprouts from the crown. These shoots have made 
a perfectly normal growth for three seasons and have at no time shown 
the faintest traces of rosette. 

In 1910 a badly rosetted Stuart pecan tree in the orchard of Dr. R. B. 
Garnett, at St. Augustine, Fla., was taken up by the owner and reset 
in another part of the place. The following winter 5 badly diseased 
young orchard trees were taken up and reset about a quarter of a mile 
distant. Observation by the junior author in August, 1912, showed 
the Stuart tree to be entirely recovered. Three out of the second group 
were entirely normal in appearance, while two still had symptoms of the 
■disease. 
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It will be noted from the results of these experiments in transplanting 
that of the healthy trees set after rosetted trees nearly all subsequently 
contracted the disease, while of those set after healthy trees only about 
half subsequently showed symptoms of the disease. This would point 
toward the conclusion that some relation exists between pecan rosette 
and the soil, either directly through the soil itself or through its previous 
infection by rosetted trees. 

Furthermore, it has been shown that of rosetted trees set after healthy 
trees in the same locality or replanted in entirely different situations, a 
very high percentage of the trees and often all recovered. This would 
tend to indicate that the soil relation is the direct cause of rosette rather 
than infection of the soil with parasitic organisms from previously 
diseased trees. 

Top soil and subsoil were taken separately in March, 1913, from the 
immediate vicinity of trees in the last stages of rosette at Belleview 
and at Tallahassee, Fla. This soil was shipped to Washington D. C., 
and in early June, 17 normal, recently germinated pecan seedlings were 
set in each of the four soil types. At the same time a like number of 
seedlings were set in the garden soil ordinarily used in the Department 
greenhouses. In both cases the top soil was a sandy loam. The Belle- 
view subsoil was almost clear sand, while the Tallahassee subsoil was 
a pasty red clay. Observations were frequently made throughout two 
seasons, but no symptoms of rosette appeared in any case. Of course, 
a test of this kind with a small quantity of soil in a porous 8-inch pot 
must be rather inconclusive with reference to any effect of the chem- 
ical ingredients of the soil, but it was thought that if the rosettte were 
caused by any organisms living in the soil surely there would be a chance 
of at least some of the trees contracting the disease. Even from this 
point of view two seasons under observation are not sufiScient, but taken 
in connection with the other rosette work the evidence at this stage of the 
experiment is perhaps worthy of record as tending to indicate the non- 
parasitic nature of the disease. 

GERMINATION OF NUTS 

In order to determine the communicability of the rosette, pecan nuts 
matured in the fall of 1912 on rosetted trees were planted in moist sand 
in one of the Department greenhouses in Washington, D. C. As they 
came up they were potted in garden soil and kept under observation 
during the spring, summer, and fall of 1913, and the summer of 1914. 
The nuts were obtained under the following conditions: 

Of 12 nuts obtained directly from a rosetted branch, 9 germinated Of 
10 from a tree/most of which showed rosette, 9 germinated. Both lots 
■ were' from' the seedling orchard of : Dr. W.'P.; Williams, ''Blackshmr, Ga. 
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Of 93 nuts from a Frotscher pecan tree, showing rosette over the whole 
top, 52 germinated. This lot was sent by Mr. C. A. Reed, of the Bureau 
of Plant Industry, from the Parker orchard, Thomas^ille, Ga. 

Of 25 nuts obtained from rosetted branches of Teche, Alley, Stuart, 
and Van Deman pecans from the orchard of Mr. W. P. Bullard at Albany, 
Ga., 18 germinated. 

Of 4 nuts from a rosetted branch on an old seedling tree at Marion 
Farms, near Ocala, Fla., 3 germinated. 

Of a second lot of nuts from Blackshear, Ga., number unknown, taken 
from a rosetted tree but not from a distinctly diseased branch, 28 germi- 
nated. 

Out of ail the nuts which germinated not a single seedling showed any 
symptoms of rosette, so that whatever the cause of the disease, it is ap- 
parently not transmissible through the seed. 

ISOLATION OF MICROORGANISMS AND INOCULATIONS 

To further test the communicability of the disease, several healthy 
nursery trees at Cairo, Ga., were inoculated with pieces of tissue from a 
badly diseased branch in August, 1902. The bark was removed from 
the latter, and bits of the wood scraped up with a sterile scalpel were 
placed in sterile water. Incisions were then made near the terminal 
buds of vigorous, healthy branches and bits of the diseased material 
inserted. This experiment was duplicated in August, 1906, when slices 
of diseased buds were inserted into the terminal branches of ii nursery 
trees. The inoculated trees in both cases remained healthy. 

During the fall of 1911 a series of attempts was made to isolate any 
organisms that might be present in various parts of diseased trees. 
Numerous Petri-dish cultures were made from the inner bark, cambium, 
wood, and pith of living rosetted twigs and from the pith and inner bark 
of the living roots yi inch to 3 inches in diameter. Pieces of the tissue 
in each case were transferred to beef agar and com-meal agar. All 
these cultures remained sterile. Material for these and the following 
tests was obtained by the junior author from three orchards at Talla- 
hassee, Fla,, and from specimens received from Sacaton, Ariz. 

With the partly dying tissues, however, many of the cultures gave 
bacteria and fungi. This was to be expected, since, as is well known, 
large numbers of saprophytic forms soon obtain entrance to tissues which 
have died from almost any cause. This is particularly true of tissues 
which have died from physiological causes, since they are not already 
infested with fungous or bacterial growth. 

Out of 55 pieces of pith tissue from partly dying twigs, 39 remained 
•sterile, 1,2 gave' colonies, of fungi,, including' an Aspergillus,, a Penicillium, 
and a 'nonfruiting whitish fungus, :and 4 gave as many different types of 
bacteria. 
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Out of 22 pieces of tissue taken at the juncture of dead and living 
wood on badly rosetted twigs, all developed fungous colonies. 

Of 40 bits of inner bark taken from dying twigs, 27 were sterile, 6 devel- 
oped fungous colonies, and 7 grew bacterial colonies. 

Of 32 pieces of the inner bark taken from partly dying roots, 25 re- 
mained sterile, while 7 developed colonies of bacteria. 

Since no constant form appeared in the cases where organisms did 
develop/it was thought highly improbable that the disease could be 
attributed to any of them, especially since a majority of the cultures 
remained sterile. Nevertheless, for the sake of completeness, greenhouse 
inoculations were made with all the different strains isolated, including 
1 5 types of fungus and 17 types of bacteria. In each case needle-puncture 
inoculations were made in the tender growing tip and in the older bark 
of one or more pecan seedlings, and the latter were left under bell 
jars for several days. Check trees were similarly punctured with a 
sterile needle. Daily observations were made, and at the end of a week 
the needle punctures in the checks, and with two exceptions in all the 
inoculated trees, were healing over. The tips of these two inoculated 
trees were beginning to wither, but since their tissues were much broken 
up in the process of inoculation, this was thought to be due to mechanical 
injury. However, for further certainty several other trees were inocu- 
lated with these two bacterial strains, care being taken to injure the 
succulent tissues as little as possible. These all healed over without signs 
of infection. 

Several examinations of healthy and rosetted roots showed a whitish, 
fungous weft on the young roots of healthy trees which was at first not 
found on those with rosette. It was thought possible that the pecan 
might be dependent on some mycorrhizal relation for its well-being and 
that the absence of the fungous symbiont gave rise to the diseased con- 
dition. However, diseased and healthy trees have been dug up in Texas, 
Georgia, Florida, and South Carolina, and in some cases the sterile, fun- 
gous weft has been found on healthy roots, sometimes on rosetted roots, 
but more frequently, so far as could be detected, it was absent. More- 
over, of 300 healthy trees grown from seed in the Department greenhouses 
at Washington, D. C., those with and without fungous weft on the roots 
were about equal in number. Twelve isolations were made from speci- 
mens with this fungous growth, and all, when grown on com-mea! agar, 
developed typical Fusarium spores. 

It is by no means demonstrated that rosette has no mycorrhizal rela- 
tions, but the preponderance of evidence lies strongly on the positive side 
of the question. The apparent absence of fungi and bacteria from still 
living rosetted material, as shown by cultural tests, and the negative 
results of inoculations with organisms obtained from partly dead rosetted 
material strongly support the view that the disease is not of parasitic 
nature. , ■ '■ 
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BUDDING AND GRAFTING EXPERIMENTS 
NORMAD BUDS AND CIONS ON ROSETTED STOCKS 

Four badly rosetted trees in the J. B. Wight orchard at Cairo, Ga., 
were budded from healthy Frotscher pecan trees in April, 1903. All 
lived and showed rosette the following season. 

Eighteen rosetted trees in the orchard of Mr. G. W. Saxon, at Talla- 
hassee, Fla,, were cleft-grafted with normal cions from an old seedling 
tree in February, 1912. Most of the cions began to put out leaves in 
the spring, but all except three were destroyed by bud worms. These 
three put on a vigorous and apparently healthy growth the first part of 
the season, but toward fall and during the following summer symptoms 
of rosette ivere distinct in all three cases. 

In an orchard of the Standard Pecan Co., at Monticello, Fla., two 
badly rosetted trees of each variety — Schley, Stuart, and Pabst — ^were 
budded with several buds from a healthy tree. Observations the fol- 
lowing August showed two buds on each of the Schley pecans living, 
four and six buds on the two Stuart trees, and one bud on one of the 
Pabst trees. All shoots from these buds were badly rosetted. 

ROSETTED BUDS AND CIONS ON NORMAL STOCK 

In the spring of 1903, 24 buds subtended by distinctly rosetted leaves 
were put into healthy nursery trees, and 24 similar buds into healthy 
orchard trees of Mr. J. B. Wight, Cairo, Ga. Observations in midsummer, 
1904, showed 13 living buds in the nursery, and of these i had a dis- 
tinct case of rosette, i a trace, while the others were normal. Of the 
buds put into the orchard trees, 20 were living and only i had rosette. 
In the latter case the tree had developed rosette over the whole top sub- 
sequent to the budding operation. This being the only one behaving in 
this manner it can hardly be considered probable that the rosette in 
this case was transmitted through the bud. 

One hundred buds from rosetted branches were worked on nursery 
seedlings at the same place in August, 1906. A large percentage lived, 
and in the following midsummer no traces of rosette could be found on 
any of them, though the trees from which the buds were taken still 
showed the disease. 

In August, 1907, 82 more buds were inserted on healthy seedling 
stocks in the same nursery. Observations the following season (October, 
1908) showed the same results as in the last experiment. 

Twenty to thirty rosetted buds of each of the Schley, Pabst, and 
Stuart varieties were worked on nursery seedlings belonging to the 
Standard Pecan Co., Monticello, Fla., in August, 1912. In the following 
August, out of the 12 diving Schley pecan buds i showed a doubtful 
trace of rosette; of the 10 living Pabst buds i showed a distinct and i 
a doubtful t|ace; and of the 10, living Stuart buds i showed a distinct 
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and I a doubtful trace of rosette. Counts in the two adjacent nursery 
rows on either side showed at least as high a percentage of rosette as 
those worked with diseased buds. 

Buds from badly rosetted branches were taken from Tallahassee, Bla., 
and were worked on 8 healthy orchard trees at Glen St. Mary, Fla., in 
August, 1912. At the same time healthy buds were inserted in branches 
of 2 trees with distinct symptoms of rosette. Out of 30 to 35 diseased 
buds inserted, 14 developed, and the following August no rosette could 
be found on any of them. Of the 12 healthy buds on rosetted stock, 

4 had lived. In the case of i bud the shoot was perfectly normal, but 
the tree as a whole had meanwhile recovered from rosette. The 3 
others showed only traces of rosette, but the tree on which they were 
worked also had nearly recovered from the disease. 

Grafting was also attempted in this connection at Washington, D. C. 
Sixty I -year-old seedlings were grafted by the veneer method with 
rosetted cions from Cairo, Ga., but none of the cions developed. 

In February, 1912, 105 badly rosetted cions from two orchards in 
Tallahassee were whip-grafted into a part of the general nursery of Mr. 
H. K. Miller, at Monticello, Fla. Nursery trees on all sides were grafted 
to healthy cions. The following August 45 cions were living. Of these, 
7 showed traces and 2 had developed distinct symptoms of rosette. 
Counts in the adjacent general nursery showed about the same percentage 
of rosette. 

It will be noted that normal buds and cions on rosetted stocks inva- 
riably gave rosetted shoots. Rosetted buds and cions on apparently 
healthy stocks, with but few exceptions, gave healthy shoots, and wher- 
ever exceptions occurred the percentage of rosetted shoots was no 
greater than in adjacent stocks worked with normal buds. The results 
here tend to show that pecan rosette is not caused by a perennial my- 
celium, or by bacteria, or by any infecting virus within the tissues of the 
host. 

FERTILIZER EXPERIMENTS 

A fertilizer test was started in March, 1902, in a badly rosetted or- 
chard belonging to Mr. J. B. Wight, Cairo, Ga. Alternate rows were used 
for the five plots, and the intervening rows in each case were left un- 
treated. Plot I received nitrate of soda; plot 2, lime; plot 3, cottonseed 
meal, acid phosphate, and kainit; plot 4, a liberal application of stable 
manure; plot 5, ground bone meal. Observations in the summer of 
1904 in plot I showed 5 trees with the same amount of rosette as at the 
beginning of the experiment; i tree, better; and 5, worse. In plot 2 there 
was no change in 3 trees, but 10 others were worse. In plot 3, 7 trees were 
in the same condition as at the beginning, i was better, and 3 were worse. 
In plot 4, 9 trees were the same, i was better, and 3 were worse. In plot 
5, 6 trees were the same, 2 were better, and 4 worse.' Two check" rows^ in 
the same orchard showed,, respectively, 6 trees in the same condition, i. 
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better, and 6 worse; and 3 the same, 2 better, and 7 worse, showing that 
during the years in question a slight increase in the disease had taken 
place, and any effect of the fertilizers applied was scarcely discernible. 
The plot treated with lime stands out somewhat from the rest, since there 
was distinctly more increase in the disease here and no tree showed signs 
of recovery. 

In April, 1911, a id-plot fertilizer test was started among nonrosetted 
8-year-old Georgia Giant and Nelson pecans in an orchard at Baconton, Ga. , 
at that time the property of Mr. Chas. M. Barnwell. The soil is a sandy 
loam underlain at to 2 feet by red clay. Two rows of each variety 
were taken through the block, giving 4 trees of each variety to a plot. 
The same general scheme of fertilizer combinations was used as that em- 
ployed by Mr. M. B. Waite in his apple-nutrition experiments, and annual 
applications were made, except in the case of lime, which was used only 
at the beginning of the experiment. The land w^as cropped to winter 
oats, followed by cowpeas, the first two seasons, and the third season 
velvet beans only were grown in the centers. At the last observation 
there was but little apparent difference among the fertilized trees in 
general vigor and length of growth, color of foliage, and quantity of nuts, 
but the two check plots bore foliage of a conspicuously paler color. The 
condition of the various plots in August, 1913, is shown in Table I, 

TabuB I . — Summary of results from a fertilizer test with pecan trees at Baconton, Ga, 


Plot 

No. 


Fertilizer.^ 


Number 
of trees 
with 
rosette. 


Number 
of doubt- 
ful cases. 


Number 
! of healthy 
I trees. 


Average 
increase in 
diameter. 


Inches, 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

^3 

14 

1 5 

16 


Lime i 

Lime and nitrate af soda 3 

Lime and cotton-seed meal 

Lime and muriate of potash 1 

Lime and sulphate of potash 

Lime and acid phosphate i 

Lime and Thomas phosphate 

Lime, muriate of potash, and nitrate 

of soda - . . 2 

Lime, muriate of potash, and acid phos- 
phate 5 

Lime, acid phosphate, and nitrate of 

soda 6 

Lime, muriate of potash, nitrate of soda, 

and acid phosphate 2 

Muriate of potash, nitrate of soda, and 

acid phosphate; no lime. 

Muriate of potash and acid phosphate; 

no lime 

Stable manure; no lime 

Stable manure and ground bone; no lime. ........ 

Control ; no lime 


2 


2 


3 


I 


2 


7 


6 

6 

6 

7 

3 

3 


6 

4 


I. 23 

•99 

1.25 

‘97 
I. 29 
I. 27 
I. ox 


1, 12 


1. 00 


33 

.87 

1.48 


8 1. 08 

8 .94 

8 X, 05 
7 ' 3 :. 03 


0 Fertilizers were applied at the follov.uug rates: t,ime (CaO, acted on jointly by air and water), x bushel 
per tree; nitrate of soda, S pounds; cottonseed meal, 32 pounds; muriate and sulphate of potash, S pounds; 
aad phosphate, Thomas phosphate, and ground bone, 24 pounds; stable manure, a liberal application. 
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It will be noted from Table I that rosette occurred on all but two of 
the plots receiving an application of lime. In the five unlimed plots 
there were only two doubtful cases of rosette and these two trees directly 
bordered a limed plot. Care was taken in spreading the fertilizers on 
the side bordering a contiguous plot not to distribute to the middle^ but 
the lime was spread to the dividing line, and, hence, there was a chance 
■of its affecting the adjoining unlimed plot. The largest number of cases 
and those showing the most advanced stages occurred on the two limed 
plots, Nos. 9 and lo, treated, respectively, with acid phosphate and 
muriate of potash and with acid phosphate and nitrate of soda. Thus, 
while the results of this test have so far been partly negative, they have 
at least tended to show that some relation exists between pecan rosette 
and the constituents of the soil. 

A fertilizer test was started in April, 1912, in the badly rosetted part of 
a 7-year*old orchard belonging to Mr. G. W. Saxon, at Tallahassee, Fla. 
The soil here is a sandy loam underlain by a stiff red clay. Thinking that 
possibly the lack of proper drainage might be a factor predisposing to 
rosette, the subsoil around six badly diseased trees was dynamited. 
Three 6-foot holes were bored at 10 to 12 feet from the trees and }i to % 
pound of dynamite was used to each hole. Applications of sulphur flour 
and of copper sulphate to the soil were also tried, each at the rate of 6 
pounds to the tree. With the exception of lime, which was applied at the 
rate of one-third of a bushel to the tree, the fertilizers were used at the 
rate noted for the preceding .experiment. The results of this experiment 
are given in Table II. 


Tabli? II . — Summary of results from a fertilizer test wiik pecan trees at Tallahassee, Fla. 




August, 1932 . 

August, 1913 . 


Plot 

No. 

Fertilizer, 

Number 
of trees 
•with 
rosette. 

Number 
of normal 
' trees. 

Number 
of trees 
•with 
rosette. 

Number 
of' doubt- 
ful cases.fa 

Number 
of normal 
trees. 

I 

Lime,, muriate of potash, nitrate 
of soda, and acid phosphate . . . 
Muriate of potash 

0 

I 

0 

&i 


2 

3 

4 





3 

4 

5 

6 

Acid phosohate 


3 



Control, subsoil dynamited. ■ 

6 


6 



Control, untreated 

' 7 . 

5 


6 

Ai 


' Nitrate of soda ■ . . 


■ '3 

4 

■ dc". 


7 

, 8 

Muriate of potash . .... 




■Acid phosphate and nitrate of 
surf a. . . . . ... 

. ^ 3 

6 





9 

Muriate of potash, nitrate of soda, 
acid phosphate . 


i 

;■ 6 



10 

Stable' manure 

I 

3 

2 

I 

I 

IX 

Thomas phosphate - 

2 

' I 


i t 

12 , 

■ '^3 
14 

^5 

Lime 


2 

■ .1 


1 

'I, 

Cottonseed, meal . . . ......... 

2 

I' 

3 



Copper,sii'1p1ia.te.. .. 

I i 

■ I 

■ I 


■■■' I 

Sulphur flour. 

■I : 

.' I 

I : 







■ . j 



" a As tliese trees -were badly affected with rosette at the foeghmhsg of the eacperinients, it' is probable: that': 
their, 'death was at least in large measure dwe to this disease. 

'&'Dead. , . .. 
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As will be observed from the data given, the results were largely, 
negative. There were no signs of recovery, and in the case of stable 
manure (plot io),lime (plot 12), and cottonseed meal (plot 13), there was 
an increase in the number of rosetted trees. It should be noted that 
most of the trees having rosette at the start were v/ell-advanced cases«. 

At the same time, the subsoil was dynamited around three i5~year"Olcl 
rosetted trees in the orchard of Mr. G. G. Gibbs. The results in this 
case were likewise negative as shown by observations after one and two 
years. The results of dynamiting the subsoil in these tv^o orchards, 
together with observations showing the absence of pecan rosette in 
swampy land, seem to indicate that the disease is not due directly to 
lack of proper subsoil drainage. 

The soil around two rosetted trees in the J, B. Wight orchard, Cairo, 
Ga., in the spring of 1907, was treated with copper sulphate and rnag- 
nesiiini sulphate at the rate of i pound of each for every inch in diameter 
of the trunk. The trees were decidedly injured by this treatment, and 
the diseased condition continued as before. A negcAive result followed 
the use of 8 pounds of copper sulphate around a single 9-year-old rosetted 
tree at, Bacoiiton, Ga. 

The soil around each of 22 rosetted trees in the 4-year-old Davenport 
orchard at Belleview, Fla., vras treated in June, 1912, with 2 to 4 pounds 
of copper sulphate, according to the size of the tree. By the following 
midsummer 7 trees had recovered, 7 were somewhat improved in appear- 
ance, and 8 were either in the same or in a worse condition than at the 
beginning. In the. same 40-acre block, 117 out of 389 rosetted trees 
had recovered in the .same period. In other words 31 per cent of the 
trees treated with copper sulphate recovered and also 30 per cent of the 
untreated trees in the same block. A considerable number of the ’ 
untreated trees were also improved in appearance. Both groups of 
trees were fertilized by the owner with a complete commercial fertilizer 
at the rate of 8 pounds to the tree. 

The copper-sulphate treatment has from time to time been recoin- 
i 3 ie.iided by a number of orchardists, and in a few cases observed by the 
jiiiiior author some apparently beneficial results have occurred. But the 
usual failure of the grower to run proper checks with an experiment, to- 
gether 'with the fluctuation of the disease without any treatmeiit, lends a 
rather doubtful character to the results. At any rate, this treatmeiit is 
not to be recomiiiended, except in an 'experimental way, uiitii further 
tested out, ' ' 

SPRAYING EXPERIMENT 

Five rosetted trees in the' J. B.. Wight orchard' at' Cairo, Ga.,' were 
givC'ii three applications of Bordeaux mixture— in March, .April, ,, and 
May, 1903. No positive results from this experiment ."'were' discernible. ^ 
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ORCHARD RECORDS 

Rosette records for periods varying from 2 to 12 years liave been kept, 
in several orchards in Georgia, Florida, and South Carolina. 

Of 159 trees observed in the J. B. Wight orchard for three successive 
seasons (1902 to 1904), 24 were healthy for all three seasons, 17 were 
healthy at the beginning, but later contracted the disease, 13 had rosette, 
but recovered, 108 were rosetted throughout the period, and 7 fluctuated 
each season. 

Eighty trees in the same orchard were observed in 1902, 1903, 1904, 
1912, and 1913. vSo far as these observations go, 30 trees remained nor- 
mal throughout the period, 7 were normal, but contracted the rosette, 12 
were rosetted, but recovered, 8 were rosetted throughout, and 21 fluctu- 
ated back and forth between the normal and rosetted condition. 

Observations on 274 trees in the same orchard during 1912 showed 136 
trees with the rosette, and during the following season 35 trees more had 
contracted the disease. The cultivation and fertilization had not been 
varied. 

In a 40-acre block of the Davenport orchard at Belleview, Fla., con- 
taining 1,069 trees, 389 had the rosette in 1912 and 256 in 1913. All had 
received the same treatment, except for the few trees used in the copper- 
sulphate test, and as previously noted this treatment gave negative 
results. Of the three varieties present, 19 per cent of the Van Deman, 
25 per cent of the Stuart, and 28 per cent of the Teche pecans had rosette 
in 1912. 

Sixty-two soil borings were made to 6 and 9 feet from the surface and 
in the vicinity of both healthy and rosetted trees. Of 31 trees in a clay 
to sandy-clay subsoil, 13 had the rosette and 18 were normal. Of 23 
trees in a sandy subsoil, 9 were rosetted and 14 were normal Of .8 
trees in a subsoil containing considerable quantities of a soft lime rock, 
all were healthy. In the first two groups the difference in the number 
of diseased and healthy trees was not conspicuous. On account of the 
entire absence of rosette in the third, group, partial analyses of the subsoil 
around three trees were made. In sample No. i the percentages of lime, 
magnesium, and phosphorus, computed as the oxids, were 9.68, 0.82, 
and 8.32, respectively; in sample No. 2, 5.42, 1.09, and 6.03; and in 
sample No. 3, 0.58, G.99, and 3.44. More or less clay was present in all 
the samples, and in No. 2 there was a considerable admixture of creolin. 

In a small orchard of 96 trees belonging to Mr. G. G. Gibbs, at Talla- 
hassee, Fla., 38 trees w-ererrosetted in 1912, and during the following 
season 4 of these recovered. In another orchard of 1 16 trees on the same 
farm, with similar topography and apparently similar soil, 6 were rosetted 
'in'i9i2' and;i2, the''follpwingseason.,:r;.,.:, 

In the G. W. Saxon orchard of 231 trees at Tallahassee, Fla., 125 trees 
had rosette in 1912 and 173 in 1913. Most of the orchard had received 
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no fertilizer for several seasons, and where fertilizer had been applied no 
distinct difference in the rosette could be detected. 

In the W. P. Bullard orchard near Albany, Ga., 291 out of 646 trees 
were rosetted in 1912. By the following season loi more trees had con- 
tracted the disease. Fertilization and cultivation were uniform for the 
two seasons. 

In a block of 233 trees belonging to Mr. H. K. Miller, at Monticello, Fla., 
81 trees had the rosette during 1912 and 1913. Fertilization was uniform 
for both years, and the soil was a sandy loam underlain by a rather stiff, 
red, sandy clay. 

Observations were taken during 1912 and 1913 in three blocks belonging 
to the Standard Pecan Co., at Monticello, Fla. Out of 406 trees observed 
in the first block 231 had rosette in 1912 and 254 in 1913. In the second 
Hock of 450 trees 119 were rosetted at the first observation and 121 at 
the second. In the third block of 570 trees, 42 were rosetted in 1912, 
and 34 in 1913. A part of all three blocks were in swamp land that had 
not been fully drained, and the absence of rosette here was conspicuous. 
The soil in the remainder of the three blocks was a sandy loam underlain 
by a red clay or sandy clay. For three seasons preceding 1912 a com- 
plete commercial fertilizer was used. In 1912 a small application of 
stable manure was made around each tree. 

In the small orchard of 100 trees belonging to Dr. R. B. Garnett, at 
St- Augustine, Fla., 3 were rosetted, both in 1912 and 1913, 7 were 
rosetted but recovered during the second year, and 6 new cases developed 
during the second year. The soil is a sandy loam underlain by a dear- 
sand subsoil, with the water table 3 to 3X f^d below the surface. Fer- 
tilization was uniform over the orchard, except that the soil around the 
ID trees showing rosette in 1912 was treated with lime and copper sul- 
phate. Seven of these trees recovered, but no checks were run to verify 
the result. 

In a block of 371 trees belonging to Mr. M. O. Dantzler, at Orangeburg, 
'S. 'C., X46 trees had rosettein 1912 and 137 in 1913. Fertilization and 
cultivation were uniform during the two seasons. 

" • It is evident from these records that rosette fluctuates from year, to 
year without any variation in the treatment given by the grower and that 
diseased trees may apparently make a complete recovery and remain 
healthy for an indefinite period, or after a season or two they may again 
contract the disease. It should be stated here that in the majority of 
cases the trees recovering from rosette had not reached the staghorn 
stage. However, a considerable number of trees with terminals dying 
back from the disease have been seen to recover and remain normal 
through the one or more seasons they have been subsequently under 
observation by the authors. From the. variations in, rosette, recorded 
from, year to, year under uniform^ cultivation' and ' fertilization it ■ seems 
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highly probable that seasonal climatic changes, such as variation in the 
water content of' the soil, may have at least an indirect relation to the 
prevalence of the disease. 

ASH ANALYSES^ 

Complete ash analyses were made of rosetted and healthy leaves and 
of rosetted and healthy twigs from Cairo and Dewitt, Ga., and from 
Belleview, Fla. In each case the diseased and healthy material was from 
trees of the same age and variety and had received similar cultivation 
and fertilization in the same orchard. The pure-ash analyses are given 
in Tables III to V. 


Tabli? III . — Ash analyses of leaves and twigs of ike Stuart pecan from Caito^ Gh., 

September y igi2 



Leaves. 

Twigs. 

CoustittieaL. 

Rosetted. 

Normal. 

Rosetted. 

Normal. 

Total percentage of pure ash 

Percent. 

5 - 59 

Pet cent. 

1 5. 02 

Per cent. 

5 - 47 

Per cent, 

s- 49 

SO3 

3. 60 

3. 02 

3-69 

.3- 

PaOj 

IS - 47 

21 . II 

12. 26 

16. 59 

Cl 

•33 

. 17 

' .26 

''.14 

K20 

23. 36 

i 8 - 3 S 

23. 01 

16. 01 

NaaO....... 

.98 

•83 

I. iS 

1. 02 

CaO.... 

31.48 

34 - 09 

34.14 

48. 19 

MgO. 

21. 5° 

14. og 

24. 45 

14-78 

S1O2 

3-25 

8-33 

.96 

I. 24 

Total 

100. 04 

100. 09 

100. 04 

lOI. 18 


TabliS IV . — Ash analyses of leaves and twigs of the Van Deman pecan from. Belleview f 

F la, i September, ipij 


Cottstitueat. 

Leaves. 

" Stems. . ' 

Rosetted. 

Normal.' 

Rosetted. 

Ndmml. ■ ■■ 

Total percentage of pure ash. — 

Per cent 
4.68 

Per cent. 

4. 6r 

Per cent. 
3.68 

Per cent. 

■ 3 - 37 . 

SO3........ 

7-31 


6.19 

4. 69 

PA 

7-57 

8.86 

,8.24 

12., 24 

Cl 

-38 

.-35 

. , " * 30 

' ':.40 

KgO. 

18. 76 

16. 03 

: 2 X^ 35 ' 

25.61 

NagO. .. — 

•38 

•34 

2.,23v 


CaO... ..... ....... 

37*75 

32,4s 

44.16 

3 < 5-.56 

MgO, 

20. 66 

20. 30 

17.40 

" i6.’7'x. 

Fl 2^3 • ’ • • * 

AI2O3 ... .................... 

} 1-90 


Trace.' 

Trace*: 

Mn^O^...... 

■ ■ .40 

.53 


"26' 

SiOj... 

i/ . ' 4- 83 

:, 3 E 4 . 3 o.. 

, ' , .26:1 

''',29,, 

■ ' TbtaL... ^ 

99.94 


98.36 



1 The asii analyses Iiere given were made by tbe Bimean of Chemistry, Depaiiment Agrictiiture, 
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Tabi*E V. — A^k analyses of leaves and ttvigs of the Schley pecan from Putney, Ga., 

September, IQIJ 


Constituent. 

Leaves. 

Stems. 

Rosetted. 

Normal. 

Rosetted. 

Normal. 

Total percentage of pure ash 

Per cent. 
.4.72 

Per cent. 

4. 78 

Per cent. 

2. 16 

1 Per cent. 

\ 2. 18 

SO3 

' 6 . 76 

5-83 

6.49 

5. 11 


6.23 

6. 52 

6. 40 

7. 28 

.69 i 

. 26 

•3.8 

-32 



23* <53 ! 

14. 12 

22.37 

19.03 

NagO 

.49 

.34 

2. 82 

2. 51 

CaO 

35- 12 

42. 04 ! 

40. 04 

42.27 

MgO 

Fe203 

AI2U3 • • 

16. 74 

16. 42 ! 

j6. 95 , 

^ 9 - ^3 

} 3-03 

4. 84 

1-43 

2. 23 

MusOi. 

I. 19 

2.44 ' 

.61 

X. 09 

^^102 

6-45 

7. 23 

I. 76 

.74 

Total 

104.45 ; 

104. 82 

loi. 41 

101, 99 


Most of the differences between the pure ash of healthy and of rosetted 
material were not constant in the three sets analyzed. In both leaves 
and twigs from Cairo, Ga., the magnesium content was much higher in the 
diseased material, but in the two other sets the percentage was nearly 
the same in both diseased and healthy material. 

The percentage of phosphorus was greater in the normal leaves of two 
sets and in the normal twigs of one set. In the other cases the percentage 
was about the same in both healthy and diseased material. 

The calcium content was greater in the normal leaves and twigs of two 
sets and considerably less in the remaining set of material. 

The percentage of potassium was greater in all the rosetted material, 
with the exception of one set of rosetted and normal twigs, where there 
was slightly more potassium in the normal. 

■Other, differences shown by the -analyses are either slight or greatly 
variable. 

DISCUSSION OF RESULTS 
PARASITISM VERSUS nonparasitism 

The following experimental data have a bearing on the question of 
possible parasitism or upon nonparasitism. 

Out of 144 nuts collected in different localities from badly rosetted 
branches, 91 germinated and none of the seedlings gave symptoms of the 
disease during the two seasons under observation. These nuts were 
placed in the greenhouses of the Department of Agriculture at Washing- 
ton, D. G., which is, far. removed, .both .as to locality and ' environment, 
from, the orchards where the nuts were'obtained, but; the conclusion from' 
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this experiment nevertheless seems justifiable that whatever the cause of 
the disease it is not transmissible through the seed (see p. 155). 

Inoculation of tender growing tips with bits of diseased tissue gave 
negative results. Attempts at isolation of micro-organisms from Kving 
rosetted material gave negative results in all cases. Various fungi and 
bacteria were isolated from partially dead material obtained in four dif- 
ferent orchards, but no constant form appeared and inoculations gave 
negative results (see p. 156). These results strongly support the view 
that pecan rosette is not of a parasitic nature. 

Mycorrhiza have been found promiscuously on both normal and 
rosetted trees, or perhaps more often the roots of both normal and 
rosetted trees have appeared to be free from any such fungous growth. 
It is probable that the disease is not due to the presence or absence of 
mycorrhiza (seep. 157). 

Where normal buds or cions were worked upon rosetted stocks they 
have invariably developed the disease during the same or the following 
season, except in a few cases where the trees used as stock had in the 
meantime themselves recovered. With few exceptions rosetted buds and 
cions worked upon apparently normal nursery and orchard trees de- 
veloped into normal shoots. Where rosetted shoots developed their 
percentage was no greater than in contiguous nursery rows or orchard 
trees worked to normal buds or cions (see p. 158). The results here tend 
to show that rosette is not caused by a perennial fungus mycelium, by 
bacteria, or by any infecting virus within the tissues of the pecan. 

Healthy nursery trees set in large pots of top soil and of subsoil taken 
around badly rosetted trees remained normal during the two seasons 
under observation (seep. 155). This series of tests was carried out in 
the Bepartment greenhouses at Washington, D. C., small quantities of 
the soil being used under entirely different environment than present in 
the location from which obtained. The results are therefore not taken 
as conclusive, but merely as tending to indicate the nonparasitic nature 
of the disease. 

Transplanting of healthy nursery trees to holes from which rosetted 
trees had been removed gave a very high percentage of rosette in the 
replants, while transplanting badly rosetted trees to situations where 
less rosette or none at all had been observed gave a very high percentage 
of recovery (see p. 152). By comparison of the results of these two tests 
it appears that a soil relation is the important factor in causing rosette 
rather than any transmission of the disease from one tree to another. 

Thus, from the nontransmission by seed, the negative results of isola- 
tion and inoculation tests, the varying presence and nonpresence of 
mycorrhiza, the budding and grafting tests, and the transplanting work, 
the nonparasitism of pecan rosette is considered a reasonable assumption. 
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REI/ATION TO THE SOU. 

The relation of pecan rosette to the soil is partially elucidated by the 
following experimental data. 

Severe pruning of rosetted trees or cutting back to a stump gave nega- 
tive results (see p. 152). The new growth was often healthy in appear- 
ance, but toward autumn or during the following season symptoms of 
rosette invariably reappeared (PL XKVIII, fig. 2). The fact that in no 
case was the disease eliminated by this treatment is at least not unfavor- 
able to the view that it is contracted directly or indirectly through the soil. 

Transplanting of healthy nursery trees to holes from which rosetted 
trees had been removed gave a very high percentage of rosette in the 
replants (see p. 152). These results point toward the conclusion that 
some relation exists between rosette and the soil, either directly through 
the soil itself or through previous infection of the soil by rosetted trees. 

The transplanting of badly rosetted trees to situations where less 
rosette or none at all has been observed gave a very high percentage of 
recovery (see p. 153). All rosetted trees replanted at Washington, D. C.^ 
recovered, though many of them were d3mig back with the disease when 
first taken up (see p. 154). In the latter cases the entire change of both 
soil and dimate is held accountable for the uniform recovery of all 
rosetted trees. All these transplanting tests with rosetted trees tend to 
indicate the soil relation as the direct cause rather than infection of the 
soil with a parasitic organism or virus from previously diseased trees. 

The results of the fertilizer experiments were partially negative (see 
p. 159). However, in a 16-plot test upon normal trees at Baconton, Ga., 
9 out of II limed plots developed cases of rosette, while i out of 5 unlimed 
plots showed doubtful traces on two trees bordering a limed plot. Care- 
ful observation at the beginning of the experiment did not reveal a single 
case of rosette, and at the last observation no rosette was found in con- 
tiguous parts of the orchard. The plots receiving lime, acid phosphate, 
and nitrate of soda and those receiving lime, acid phosphate, and muriate 
of potash developed by far the most rosette. In fertilizer experiments at 
two other points considerably more rosette developed on limed than on 
tmlimed plots. These results, while not in all cases very definite, have at 
least tended to show that some relation exists between rosette and the 
constituents of the soil and that the lime content alone or in combination 
with other substances may have a varying causative effect. 

Dynamiting the subsoil in two different orchards gave negative results 
(see pp. 161-162). This fact, together with observations showing the 
absence of rosette in swampy land (see p. 1 50) , seems to indicate that the 
disease is not directly due to lack of proper subsoil drainage. 

Orchard records of individual trees over periods of 2 to 12 years show 
considerable fluctuations in the disease, irrespective of treatment and 
■ ..without '.any' special treatment: (seep. 1.63). ' . Trees :with':;a:mild;or:mod^^^ 
erate attack frequently ■ recovered,,,' and even when the staghorn stage 
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had been reached, trees occasionally regained their normal appearance 
without any artificial treatment. From the seasonal variations in 
rosette recorded from year to year under conditions of uniform' cultiva- 
tion and fertilization it seems highly probable that seasonal climatic 
changes, such as variation in precipitation, may have at least an indi- 
rect relation to the prevalence of the disease. In large orchards the 
more or less simultaneous appearance of rosette in patches, together with 
its usual limitation to these areas, clearly suggests some definite connec- 
tion with the soil conditions. 

In general, the ash analyses of rosetted and healthy material showed 
slight to highly variable differences, so that very little positive light was 
thrown upon the problem by this part of the work (see p. 165). In both 
leaves and twigs from one orchard the magnesium content was much 
higher in the rosetted than in the normal material, but in two other sets 
of analyses the percentage was nearly the same in both diseased and 
healthy material. The percentage of phosphorus was greater in the 
normal leaves of two sets and in the normal twigs of one set. In the 
other cases the percentage was about the same in both healthy and dis- 
eased material. The calcium content was greater in the normal leaves 
and twigs of two sets and considerably less in the remaining set. The per- 
centage of potassium was greater in all the rosetted material, with the 
exception of one set of rosetted and normal twigs, where there was 
slightly more potassium in the normal. Other differences shown by the 
analyses are either slight or greatly variable. 

It thus appears from the results of experiments in pruning and cutting 
back, transplanting tests, fertilizer experiments, results of subsoil dyna- 
miting, and orchard records that the disease is directly or indirectly 
caused by some soil relation. On account of their variable character, 
the ash analyses shed little light on the problem. 

COMPARISONS WITH OTHER DISEASES 

Teaf-hopper injury suggested itself at one time as a possible cause 
of rosette of pecans. The rather far-reaching effects of the work of 
this insect were known, and the demonstration of their causal relation to 
curly-top of beets ^ lent further plausibility to tins theory. However, 
extensive observations have failed to disclose any connection between 
this insect injury and rosette. Leaf-hopper injury has occasionally been 
seen on pecans, but its symptoms are distinct and it has occurred both 
in the presence and absence of rosette. The leaves are often yellowed 
around the margin, somewhat curled, and if attacked while young, their 
growth is considerably interfered with. But there are not the distinct 
yellow mottling over the whole blade between the veins, the raised ap- 
pearance of the latter, and the tendency to reduction of the leaf blade, 
followed by the dying back of the shoot from the tip. 

* Shaw, Harry B. The curly-top of beets. U. S. Dept, of Agr., Bur. Plant Indus., Bui. i 8 i, 46 p., 9 %*. 
9 pi, 1910. 



Journal of Agricultural Research 


(voi. HI, No. 2 


170^ 


Neither is rosette to be confused with sun scald, or winterkill/' which 
affects young trees especially and manifests itself in the death of the 
cambium at the base of the trunk. -The roots are usually uninjured and 
healthy sprouts soon put out from the base. Again, frost injury may 
kill back the tips in a manner somewhat analagous to the staghorn stage 
of rosette, but here the foliage symptoms are lacking, and in rosette the 
death of the branches is usually most prominent in late summer, a season 
far removed from frost. 

Both the yellows and rosette of peach in a general way suggest pecan 
rosette. However, though some symptoms may be common to all three 
diseases, the complete clinical picture is distinct in each case. Some of 
the most prominent symptoms of peach yellows consist in the produc- 
tion of abnormally long, spindling branches in dense groups due to the 
putting out of normally dormant and possibly adventitious buds. Yel- 
lowing of the leaves always occurs at some time during the course of the 
disease; but in spite of the name “yellows," the leaves are often abnor- 
mally dark green in a case of recent attack. The pushing into growth 
of normally dormant buds and also possibly of adventitious buds is 
likewise characteristic of pecan rosette, but the axes are shortened rather 
than elongated as in peach yellows. In this shortening of the axes of 
growth the resemblance to peach rosette is seen. In the last-named 
disease the twigs are so much shortened that the leaves as they develop 
become clustered into a compact rosette. Peach trees affected with 
rosette usually die during the first and never survive the second season, 
and those suffering from yellows rarely survive more than five seasons, 
but rosetted pecan trees have been known to live for 15 years. More- 
over, no case is on record of a recovery from peach yellows or peach 
rosette, while recovery from a moderate attack of pecan rosette is fre- 
quent, and not rare, even for the later stages. Furthermore, from the 
experiments outlined in this paper it appears that pecan rosette is not 
transmissible either through the seed or by budding or grafting, while 
the infectious nature of peach yellows and rosette is well established 
through experimental bud transmission to healthy trees. 

A striking resemblance is to be observed between pecan rosette and 
ordinary chlorosis of various trees. In moderate cases of the latter dis- 
ease yellowing of the leaves occurs without notable change in form or 
size, and the conspicuous dying back of the branches from the tip is 
lacking, but all gradations occur between such cases and those where the 
symptoms closely simulate rosette of pecans. 

The spike disease of pineapples^ bears some general resemblance to 
rosette of pecans both as to effect and apparent cause. The leaves of 
affected pineapples become contracted at the base so as to form a spike- 
like blade/ and the color of the leaf also becomes modified. It is claimed 
that cottonseed meal, sulphate of ammonia, kainit, muriate of potash, 

n S-oIfs/P. H. Pineapple fertilizers.’ Pla. Pxp.’Sta.BnL so. ^ 
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and acid phosphate aggravate the disease, while nitrate of soda and 
sulphate of potash seem to have a beneficial effect upon diseased plants. 
The fertilizer tests with pecans point toward the conclusion that rosette 
is also a nutrition trouble. 

PROBABLE NATURE OF PECAN ROSETTE 

Rosette of pecans evidently belongs among the chlorotic diseases of 
plants grouped by Sorauer ^ into two main classes: (i) Noninheii table 
and noninfectious diseases due mostly to improper nutritive supply or to 
injurious physical conditions, and (2) inheritable and infectious diseases 
due probably to enzymatic disturbances. From the results of the experi- 
ments and observations outlined in this paper it seems legitimate to 
conclude that pecan rosette should be placed in the first class of chlorotic 
diseases — ^viz, those nontransmissible diseases caused by improper 
nutritive supply or injurious physical conditions. 

From the definite sequence of a considerable number of symptoms in 
pecan rosette it would seem more probable that the disease is directly 
caused by one set of conditions which, however, may be indirectly 
influenced by other conditions such as amount of rainfall, etc., rather 
than that this same set of symptoms may in different localities be caused 
by entirely different sets of conditions. Such a statement can not be 
laid down as a demonstrated fact, but the general knowledge of both 
plant and animal pathology renders it extremely probable. 

The spike disease of pineapple, to which reference has previously been 
made, has been rather clearly demonstrated to be caused by improper 
nutritive supply, and it seems rather probable that pecan rosette is of 
a similar nature. F rom its wide distribution pecan rosette is clearly not 
confined to any one general soil type, but it is entirely possible that in 
those soils subject to the disease the proper balance between two or 
more soil ingredients may not be maintained. For example, the effects 
of a lack of proper balance between lime and magnesium are fairly well 
known, and it is possible that some such condition as this may be responsi- 
ble for rosette. Indeed, the results of our preliminary fertilizer experi- 
ments point in this direction. The lime used was a high-grade stone 
lime purchased in barrels, but its content of magnesium was not known. 
The percentage of rosette was distinctly higher in the plots treated with 
limCj but in the absence of an exact analysis of the lime used it can not 
be determined from these tests whether the injury came from the lime 
alone or whether magnesium played a part in causing the disease. How- 
ever, the chemical analysis of subsoil from the Davenport orchard, at 
Belleview, Fla. (see p. 163), would seem to show that lime of itself is not 
injurious. In this orchard the only type of subsoil entirely free from 
pecan rosette gave by analysis 0.58 to 9.68 per cent of lime, 3.44 to 8.32 
per cent of phosphorus, and 0.82 to 1.09 per cent of magnesium, all com- 

1 Sorauer. Paul. Haudbuch der Pflanzenkraancheiten. Attfl. 3, Bd. i, p. 308. Berlin, [1906]. 
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ptited as oxids. Lime was present as both carbonate and phosphate. 
It will be noted that the magnesium content was low. Considerable clay 
was present in all these cases and frequently with a considerable admix- 
ture of creolin. 

The possibility of some relation to soil organisms is not entirely pre- 
cluded, but it is thought that the direct cause will ultimately be found 
in some lack of balance in the nutritive supply, or possibly in some 
toxic organic substance or substances in the soil. The large group of 
physiological diseases to which pecan rosette seems to belong consti- 
tutes one of the most bafHing series of problems now before the path- 
ologist; and although a large number of workers have been investi- 
gating these diseases, none of them has as yet been fully worked out, 
either as to cause or control. 

CONTROIv 

No great or constant difference in varietal resistance has been observed 
among the common orchard varieties. In one orchard a certain variety 
may have a much higher percentage of rosette than some other variety, 
but in another place the relative amount on the same two varieties is 
just as likely to be reversed. This has been shown clearly by orchard 
records in widely separated localities. Evidently the difference in 
apparent resistance in such cases is due either to a differenc in soil con- 
ditions in the two parts of the orchard or to a difference in the resist- 
ance of the stocks to the inciting cause. That there is sometimes a 
difference in the true resistance of the stocks seems evident from the 
fact that of two trees of the same variety growing side by side (i foot 
to several rods apart) one may have rosette and the other appear per- 
fectly normal. If the cause of the disease lies in the soil, as appears 
to be the case, such an influence of the stock would naturally be expected. 
There appears to be little doubt then as to the existence of a difference 
in the resisting power toward rosette, but orchard records and observa- 
tions tend to show that this difference is usually manifested through 
the stock rather than through the variety worked upon it. 

It should be added that until more is definitely known as to the direct 
cause of pecan rosette little can be said of its control by use of resistant 
stocks or by other methods. Good care and fertilization are to be 
recommended, but until more is known of the lime-magnesium balance 
in relation to rosette, orchardists should test the effects of lime upon 
a few trees before using it on a commercial scale. The use of copper 
sulphate upon the soil, though favored by many growers, can hardly 
be recommended as a remedy for rosette without more conclusive data 
as to its efficacy than have yet been forthcoming (see p. 162). The results 
of our experiments have shown that pruning as a remedial measure is 
of , no, avail. .Since, there^^.is. no : evidence That , pecan';rosette\is;,:trans-'' 
missible from Tree TO" tree, the;'cutting'':'GUt :of ' 'Orehard',\'tre^^ 
only traces of the disease is hardly to be recommended, because they 
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very often completely recover. However, with well-advanced cases, 
especially where dying back of the branches is prominent, there is so little 
chance for recovery that it would seem better to replant with sound, 
healthy, new trees, notwithstanding the fact that the unfavorable soil 
conditions may persist and cause a second failure. 

As to the advisability of using rosetted nursery stock, no absolute 
statements can be made with the present state of knowledge concerning 
the cause of the disease and varying resistance of the stock to that cause. 
However, orchard and nursery records show rather clearly that a differ- 
ence in resistance of stock does exist. This being granted, it is reasonable 
to suppose that among nonrosetted and rosetted stocks in the same nur- 
sery the latter, if ultimately set out in soils tending to cause rosette, will 
be far more likely to give rosetted orchard trees than the former. This 
theory is borne out by the fact that in one large orchard where records 
of the condition of the nursery stock used in planting were kept, observa- 
tions after several years showed a much higher percentage of rosetted 
trees from the rosetted stock than from the nonrosetted stock. It is true 
that the rosetted stocks were set together in one part of the orchard and 
that some difference in soil constituents not revealed by soil borings may 
have caused the difference in prevalence of the disease, but this seems 
hardly probable. 

Hitherto, pecan nurserymen have paid little attention to the presence 
of rosette in the nursery stock used in budding and grafting except in 
extreme cases of the disease, and it is thought by the authors entirely 
possible that part of the wide prevalence of the disease may be due to the 
dissemination of susceptible stock from the nurseries. The disease is a 
serious one on account of the fact that crop production and recovery from 
well-advanced stages are seldom seen, and for the good of the pecan 
industry in general the number of cases of rosette should be kept at a 
minimum. In view of these facts, the discarding of all rosetted nursery 
stock is to be strongly recommended. 

SUMMARY 

Pecan rosette has been rather generally recognized by growers as a 
serious disease almost from the inception of pecan orcharding. It does 
not appear to be limited to any particular soil type, topography, or 
season. The disease first makes itself evident through the putting out 
of undersized, more or less crinkled, and yellow-mottled leaves. The 
veins tend to stand out prominently, giving a roughened appearance to 
the leaf blade, and the lighter areas between the veins are usually not 
fully developed. The axes of growth are usually shortened, so that the 
leaves are clustered together into a sort of rosette. In well-marked cases 
the branches usually die back from the tip, and other shoots are developed 
from normal or adventitious buds, only in thdr turn to pass through the 
"'same, series'' of symptoms,.:" " 

The nonparasitism of the disease seems rather definitely established 
experimentally from the nontransmission by seed, the negative results 
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of isolation cultures and inoculation tests, the varying presence and non- 
presence of mycorrhiza on both healthy and rosetted trees, the budding 
and grafting tests, and the transplanting experiments. 

It appears from the results of experiments in pruning and cutting 
back, transplanting tests, fertilizer experiments, results of subsoil 
dynamiting, and orchard records that the disease is directly or indirectly 
caused by some soil relation. On account of their variable character 
the ash analyses have shed but little light on the problem. 

Leaf-hopper injury has been observed on pecans, but is distinct from 
rosette and has occurred both in the presence and the absence of the latter 
disease. Sun scald, or ''winterkill,'' manifests itself in the death of 
the cambium at the base of the trunk and is not likely to be confused 
with rosette. Frost injury may simulate rosette in the killing back of 
the terminals, but the other rosette symptoms are lacking. Rosette and 
yellows of peach in a general way suggest pecan rosette, but though some 
symptoms may be common to all three diseases the complete clinical 
picture is distinct in each case. A striking resemblance is to be observed 
between pecan rosette and ordinary chlorosis of various trees, where all 
gradations occur from mere yellowing of the leaves to cases where the 
symptoms closely simulate rosette of pecans. The spike disease of pine- 
apples also bears some general resemblance to the rosette of pecans, 
both as to effect and apparent cause. 

Observations and experimental evidence point to the conclusion that 
pecan rosette belongs among the chlorotic diseases of plants grouped 
by Sorauer into two main classes: (i) Noninheri table and noninfectious 
diseases, due mostly to improper nutritive supply or to injurious physical 
conditions, and (2) inheritable and infectious diseases, due pi'obably to 
enzymatic disturbances. It seems legitimate to conclude from the data 
outlined in this paper that pecan rosette belongs in the first group. The 
evidence strongly points in the direction that the disease is caused by 
improper nutritive supply, and it seems probable that it is directly re- 
lated to a lack of balance between two or more soil ingredients. The 
possibility of some relation to soil organisms is not entirely precluded, 
but it is thought that the direct cause will ultimately be found in some 
lack of balance in the nutritive supply, or possibly in some toxic organic 
substances in the soil. ' 

There appears to be little doubt as to a difference in resisting power 
toward rosette, but orchard records and observations tend to show that 
this difference is usually manifested through the stock rather than 
through the variety worked upon it. Good care and fertilization are 
to be recommended, but the effects of lime should be tested upon a few 
trees before using it, on a commercial scale. . Pruning of no, avail as a 
remedial measure.'. Trees showing only' traces' of ,■ rosette „may he 'left 'in 
the orchard, but all advanced cases should be cut but and replanted. On 
account of resistance versus susceptibiHty ;of ''stobk,'t 
rosetted nursery trees is to be strongly advised. 





PI.ATE XXIV 


Fig. I. — One normal pecan leaf and two leaves with rosette from Dewitt j Ga. Note 
die partial reduction of tlie leaf blade to the midrib. 

Fig. 2. — ^Pecan slioot with early symptoms of rosette. 



Plate XX!V 
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PIRATE XXV 


Rosetted pecan leaf lowing perforations dtie to the failure of part of the mesophyll 
to develop. About nattiral size. From Cairo, Ga., October, 1903. 

62697 ®— 14— 7 



PLATE XXVI 


Fig. I. — Pecan skoot in advanceci stages of rosette. Note tke raised veins, perfo- 
rations, and reductions in area of leaf blade; also dying back of terminals. From 
Cairo, Ca., 2:903. 

Fig, 2. — ^Normal pecan sboot for comparison with rosetted shoot. From Cako, Ga., 
July, 1903. 
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PLATE XXVII 


Fig. I. — ^Yotmg otcliard pecan tree with a moderate attack , of rosette on - the left, 
side and seriously dying back from the disease on the other side. Note the cover 
crop of cowpeas. From Cairo, Ga., November, 1905. 

Fig. 2.— Young orchard pecan tree in advanced stages of rosette. Orchard- intef- 
planted with com.' From Biackshear, Ga., November,- 1905. - - 



PLATE XXVIII 


Fig. I.— Yotmg orchard tree with, severe attack of rosette. Note dying back of 
branches. ' Orchard interplanted with com. , From Blackshear/Ga., November, 1904. 

: Fig, 2.— Rosetted pecan tree cnt' of! to the ■ sthmp the ' preceding season, ' with, the 
■present season’s growth' again distinctly showing rosette. ■ From'^Cairo, Ga.,' October, 
1903/' /' 

'Fig. 3.— Two seedling pecan: trees planted; the same day from the same lot of 'seed- 
lings. The tree in the background was normal, while the one in the foreground had 
,been affected with rosette almost from the time of planting. Note die effect of a 
severe 'and long-standing case of the disease. ■ From Tallahassee, Fla., summer of 1912. 
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PRELIMINARY AND MINOR PAPERS 


A NITROGENOUS SOIL CONSTITUENT: 
TETRACARBONIMID 

By Edmund C, Shorot and H. H. WAUtnRSj 
Scientists i Soil-Fertility Investigatio ns i Bureau of Soils 

In 1913 brief mention (Shorey, 1913a) ^ was made of the isolation 
from a soil of a nitrogenous compound that had the properties of tetra- 
carbonimid (C4H4N4O4). • Since then this compound has been isolated 
from a number of soils and its identity as tetracarbonimid has been 
confirmed. , ■ 

. ' In the isolation of this compound an alkaline extract' obtained by. 
treating the soil with a 2 per cent solution of sodium hydroxid ior 24' 
hours at room temperature was used. This extract was made 'acid with , 
■sulphuric' acid and filtered. The acid filtrate was shaken. out with ether ' 
to remove the acids and other compounds that are soluble in this' solvent, ' 
and a solution of mercuric sulphate in dilute sulphuric add was added ^ 
until no further precipitate was formed. The precipitate was filtered' O'ff, 
well washed, suspended in water, and decomposed with hydrogen sulphid. ;': ■'. 

After the removal of mercuric sulphid by filtration, the dark-colored 
filtrate was concentrated to a smaller volume and excess of a solution 
of neutral lead acetate added. The dark-colored precipitate thus formed 
was removed by filtration and ammonia added to strong alkalinity. 
The white or cream-colored precipitate thus formed was filtered off, 
well washed, and decomposed by hydrogen sulphid, the lead sulphid 
was filtered off, and the filtrate was evaporated almost to dryness and 
allowed to stand. Crystals formed in this semisolid massin a short time, 
and after standing a number of hours several volumes of alcohol were 
added and the solution was filtered. The alcoholic filtrate was con- 
centrated to a small volume, and from this solution crystals separated 
in a' short time. These were separated by -filtration,' dissolved ' in' hot 'i 
■water, The solution filtered and concentrated' to ■ the :crystallmng' point' .' 
.■and allowed to stand several hours.,, when the compound separated in'. a.''- 
fairly pure form. ,'.By repeating, this 'operation several' times., it "was 
obtained in the form of. small plates or prisms free 'from color.; . 

Several points in this method as thus briefly outlined are deserving of 
further', comment. :.The original acid .filtrate from the .humus extract' '■, 
is usually dark colored, and the treatment with mercuric sulphate in acid'^'.' 
"Solution 'produces a dark-colored .precipitate" ,that. removes nearly -'all. ■'■' 
'.color, from , the solution. .''When this precipitate ..is ■ decomposed'. with^ 
.hydrogen sulphid, a'.' dark-colored ':.solution .again ' results '"froni'' which : 
neutral lead acetate' precipitates most of the .color '.without ...'apparently 
removing the compound under discussion. This is mentioned because 

^ Bibliographic citations in parentheses refer to ** literature cited/’' p. lyS. 

iournal 'of: Agricultural. ■"/■■■., ,/'.'■ a':'.';';':. 
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tetracarbonimid when alone and pure is precipitated by neutral lead 
acetate. 

Further^ when tetracarbonimid is pure, it is very slightly soluble in 
alcohol, but the presence of impurities which accompany it in this method 
of isolation affects its solubility in alcohol to such an extent that the first' 
step in its purification is best effected by solution in alcohol. This treat- 
ment separates it from calcium salts and other inorganic impurities that 
always accompany it when precipitated from soil extracts by lead or mer- 
salts. 

The crystals of the compound as first obtained are in the form of thin 
micaceous scales of rather unusual appearance, but since this changes 
when the compound is purified it can not be regarded as characteristic. 

As thus obtained from soils, tetracarbonimid is in the form of small 
white prisms or plates rather difficultly soluble in cold but readily soluble 
in hot water. The crystals are very little soluble in alcohol, ether, or 
other solvents. The compound has no definite melting point, but when 
heated above 300® C. it decomposes, giving off acrid vapors that redden 
blue litmus paper, a white sublimate being deposited at the same, time. 
An aqueous solution gives precipitates with silver, mercury, or lead salts. 
Barium chlorid produces no precipitate, but on the addition of barium 
chlorid and sodium hydroxid it is completely thrown down as a voluminous 
white precipitate. . 

Tetracarbonimid (C4H4N4O4) was first obtained by Scholtz (1901) by 
oxidizing uric acid in alkaline solution with hydrogen peroxid. " The 
work of Scholtz was confirmed' in 1909 by Schittenhelm and ' 

(I'pop), who by modifying' the conditions of oxidation obtained another 
compound, , carbonyidiurea These authors suggested that 

tetracarbonimid 'and carbonyidiurea might be intermediate steps in the 
oxidation of uric acid to urea in the human body, as shown below. 


Uric acid Tetracarbonimid Carbonyidiurea Urea 

NH— CO NH--CO— NH NH3 NH. 

I I 1 J I If 

CO e— NH CO CO —> CO CO —> GO 

I II ^co I i I ! I 

NH — C — NH NH— CO—NH NH— CO— NH NIH 


Tetracarbonimid' was prepared from uric acid according to the method 
'Of vScholtz and its properties compared with the compound obtained from 
the soil. The two preparations were found to be identical in cr3?’staHiiie 
fonn and solubility, in being precipitated from solution by metallic salts, 
and' in their behavior on heating. Their ideiitit}^ was further coiifimied 
by the analysis of the barium salt and the determination of the nitrogen 
content.: ... 

The preparation from the soil was found on analysis to contain the 
following .percentage' of , nitrogen,: Sample No. 'i, 32.59 per cent, and 
sample 'No. 2, 32.47 per cent of nitrogen, tlie^ theoretical nitrogen content 
of C4H4N4O4 being 32.61 per cent. The barium salt prepared by pre- 
cipitating, ,a hot, ' saturate'd solution of the soil compound with .barium 
hydroxid was found to contain 61.55 per cent of barium,, the barium 
content' of 'C4Ba2N404 being 62 per cent.''. These fi,gures, together w,itli 
the: correspondence in ,properties,..,are , sufficient ,'tO' establish the; .identity 
of 'the soil compound as tetracarbonimid., , 
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Tetmcarbonimid was first obtained from a sandy soil from Florida 
devoted to orange cnittire. This soil was one of the series of 16 samples 
referred to in a previous paper (1914), and in which vanillin and other, 
benzene derivatives were found. Tetracarbonimid was found in three 
of these soils in sufficient quantity to make its identity certain^ and in six 
other samples crystals having, so far as could be ascertained^ the same 
properties as tetracarbonimid, were obtained in small quantities by the 
same method. This compound was also found in three out of four 
soils from other locations than Florida which were examined for it. 
These soils were (i) a sample of Norfolk sandy loam from Virginia, (2) a 
Sassafras soil from the grounds of the Department of Agriculture, and (3) 
a sample of Eikton silt loam from Maryland. These results indicate that 
tetracarbonimid is not an uncommon or accidental soil constituent. 

The soil from the Department grounds contained more of this com- 
pound than the others examined, and from 18 kg. of this soil 30 mg. of 
pure tetracarbonimid were obtained. The loss in purification in this 
separation was at least 50 per cent, so that, assuming that the treatment 
with' sodium hydroxid extracted all of this compound, there was present 
per acre-foot of soil approximately 7 pounds of tetracarbonimid, repre- 
senting 2,3 pounds of soil nitrogen. This soil had a total nitrogen 
content of 0.13 per cent, or approximately 5,200 pounds of nitrogen per 
acre-foot, and it appears that the quantity of tetracarbonimid nitrogen 
is at any one time but a very small part of the total. 

However, in this investigation some evidence has been obtained indi- 
cating that the quantity of tetracarbonimid fluctuates under varying 
conditions of cultivation or crop growth. If, then, this compound is 
formed from other compounds under certain soil conditions and its dis- 
appearance by oxidation or other means, such as use by plants, is 
.influenced also by conditions that vary, it ' may, in spite of the small 
quantity present at any one time,' be an important step in the trans- 
formations that organic nitrogen undergoes in the soil. 

Tetracarbonimid has so far not been reported in any plant, or animal 
tissue and has been made only by the mild oxidation of uric acid. Uric 
acid has not been found in soils or plants, and while it might be added 
to soils in human excrement, it is not a common constituent 'of manures 
or, fertilizers; therefore it would seem that the. source of tetracarbotiimid 
in soils must be sought in some other compound. 

The close relation of uric acid' to 'the.purin' bases suggests these, as 
possible sources of this compound, and there is no theoretical reason 
for assuming that any of the purin bases, might' not under proper' cO'Udi,-' 
tions of oxidation yield tetracarbonimid. ■ This possibility is disclosed 
more clearly by consideration of the structural formulas. . 


Uric acid 
(2.6.8, oxypurin) 

NH-CO 
I I 

CO C-NH. 

! II >0 
nh-c-nh/ 


Xanthin ■ 

(2.6. oxypurin) 


NH-:CO ' 
i ■ ! 

CO ' C-NH 
! if 

NH N 





Xantiiin, hypoxaiithia (Schreiner and Shorey, 1910)^ and adenin 
(Shoreyj 1913b, p. 16) have been found in soils, and guaniii has been 
found in a soil that had been heated (bathrop, 1912). All four bases 
have been found in plants and may also be formed from nucleic acid^ 
a constituent of all nucleated cells of both plants and animals. 
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APPLE ROOT BORER 


By Fred E. Brooks, 

Entomological Assistant, Deciduous-Fruit Insect Investigations, 

Bureau of Entomology 

INTRODUCTION 

While engaged in observations on the larval habits of the roundheaded 
apple-tree borer {Saperda Candida Fab.) in West Virginia during the year 
ipiiy the writer noticed in apple {Mains spp.) numerous burrows of 
some smaller insect associated with those of the former. Infested wood 
was collected and adults were reared, which were determined by Mr. E. A. 
Schwarz, of the Bureau of Entomology, as Agrilus mUaticollis Rand., a 
species of beetle which hitherto had not been recognized as an enemy of 
cultivated fruit trees. Further observations showed that the species 
is quite generally distributed throughout the Appalachian fruit region 
and that in places it is doing considerable damage to young apple trees. 

The literature pertaining to thiS' insect is meager. The species ’was 
first described from Massachusetts by J. W. Randall in 1S37 and received 
the name which it now bears. In 1841 it was redescribed by Gory, in his 
monograph of the buprestids, as Agrilus frenatus. Le Conte, in 1857, 
lists the species as '‘A. frenatus Gory,'^ with the note, '‘unknown to me.^' 
Again, in 1859 the same writer, in his Revision of the Buprestidae of the 
United States, uses both names as synonymous, giving neither the 
preference. In 1871 Edward Saunders in his Catalogus Buprestidarum, 
gives RandalFs name the preference over Gory’s. Since that time the 
species has been mentioned occasionally in lists of Buprestidae sls AgrUtis 
viUaiicollis 'Rand, 

E. P. Austin, in 1875, seems to have been the first to associate the 
insect with a host plant, at which time he notes: “Found occasionally 
in various parts of the State [Massachusetts] and seems to live on shad- 
berry (Amelanchier canadensis),'^ In 18S9 Frederick Blanchard, in his 
list of the Buprestidae of New England, records that in Massachusetts 
the beetle is found occasionally in June, feeding on the leaves of thorn, 
service, or shadbush {Amelanchier canadensis) and chokeberry. A 
specimen of the beetle in the United States National Museum was col- 
lected by W. F. Fiske in June at Tryon, N. C., on leaves of Oxydendrum. 
The species is also recorded from Michigan, Pennsylvania, and New Jersey, 
and it probably occurs throughout the greater part of the eastern United 
States. 

At the suggestion of Prof. A. L. Quaintance, in '.charge of, deciduous- 
fruit insect investigations for the- Bureau ■ of .Entomology,' a' 'further: 
study of the insect and its habits was .made, the results of which are re-, 
corded below; 

NATURE AND EXTENT OF INJURY ' ■ , 

.The injury to the trees isdone by. the slender, "white larva of the insect,' 
which, bores, through' the sapwood and heartwood of 'the. roots'' and lower,., 
trunk. ' The burrows through.' the, roots frequently, extend , o.utward for, 

Joun'.al of AgtimltmaiResearcIi,: '' " Vol. Ill, No. ' a 
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several feet and in badly infested trees are so numerous that the roots 
often die, causing a weakening of the whole tree. 

The \¥ork of the insect is obscure, there being no chips or castings 
thrown to the surface, as is the case with the common roundheaded 
apple-tree borer. The egg, which is placed rather conspicuously on the 
bark of the trunk, and the exit hole in the bark through which the adult 
escapes from the wood, are the only external marks made by the insect 
on the tree. In addition to the injury resulting from the damaged roots, 
the exit holes in the bark admit more or less water, which frequently 
induces decay of the heartwood. The harm one individual root borer 
is capable of doing to a tree is much less than that usually done by a single 
roundheaded apple-tree borer, but in the localities where investigations 
were made the former species outnumbered the latter. 

At Trench Creek, W. Va., 345 apple, pear, and service, or sliadbusli, trees, 
from inch to 5 inches in diameter were cut off a few inches above the 
ground, and the burrows made by the larv^ of both species in ascend- 
ing the trunks to pupate were counted. The three species of trees are 
favorite food plants of both of these borers, and the results of the counts, 
recorded in Table I, give an idea of the relative abundance of the two 
borers in the one locality. Similar results were obtained in several other 
localities where fewer trees were examined.. 


Tabi^B I - — Relative abundance of burrows of Agrilus mtiaiicolUs and Saperda Candida 
in apple, pear, and service trees 


Kind o'f trees. ■ 

Number of 
trees. 

Number of 
burrows of 
Agfrilus. 

Number of 
burro.ws of 
Saperda, 

AbdIc. 

lac 

311 

0 

1 01 

Pear ■ 

20 

0 



2 GO 

342 

21 





345 

! 662 

122 




Most of the apple and pear trees cut for the foregoing counts were 
such seedlings as could be found in roadside fence corners and neglected 
orchards, and the semce trees were in the woods. Only 36 of the 125 
apple trees, or about 28 per cent, were free from the burrow's of Agrilus 
and 87, or about 70 per cent, were. free from burrows of Saperda. 

FOOD PLANTS 

The adult of this insect' has been recorded by various writers as fre- 
quenting the foliage of service, wild thorn, and chokeberry. The 'WTiter 
has -found the larva attacking apple, pear, wild thorn, wild crab, and 
service. ' It has been found rather abundantly in the following West 
'Virginia; localities: French Creek, .Cherry Run, Sleepy Creek, Spring- 
field, • Moorefield, Romney, Keyser, ' Fihins, ■ and Junior. Mr. E. B.^ 
'Blakeslee, of the Bureau of Entomology, has found the larva in service 
trees.'at VTnchester, Hayfield, and Staunton, Va. ' Of the several laiwal 
food plants" named, apple and service seem to,, be greatly preferred' above 
the others, ■ , 
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THE BURROWS 

The burrows of the apple root borer ,(F 1 - XXIX, figs, 2, and 3) are 
of great length, that of a single lar\^a often extending through the trunk 
and' roots for 5 or 6 feet and in some cases even 8 feet. Throughout its 
length the burrow is packed with dustlike particles of wood that have 
passed' through the alimentary canal of the insect.' Cross sections of the 
burrows are oval in outline, those of full-grown larvae being about i by 
3 or 4 mm. in diameter. 

Except for the discoloration of the dustlike packing, time does not 
change the appearance or form of the burrows in the wood until they are 
obliterated by decay. Fresh burrows' are usually found within half an 
inch of the bark, and in large trees the position of a burrow in the -wood 
gives some clue to its age. In the large number of old trees cut and 
examined during this investigation the, finding of a large proportion of 
the burrows comparatively near to the bark is taken as an indication that 
this insect has been on the increase for the last 10 or 15 years. 

LIFE HISTORY OF APPLE ROOT BORER 
THE EGG 

The eggs (PI. XXXI, fig, i) are somewhat variable in outline,* an 
average specimen being flattened, oblong, disklike, 1.3 by 1.9 mm. in 
size. The surface is irregularly corrugated, the ridges and depressions 
being more distinct near the margin. When first laid, the egg is white 
or creamy white, but in a few days it changes to grayish brown, similar 
to the bark in color, and resembling in a general way the shield of a small 
scale insect. After the dark color is assumed, the embryo shows, as a 
whitish spot at the center of the egg. 

In the latitude of West Virginia the eggs are deposited in May and 
June. They are glued tightly to the bark of the trunk a few inches above 
the ground singly ■ (PL XXX, fig. 3, b) or, rarely, in' pairs. , They are 
usually attached to a smooth surface, ■ but are sometimes inserted into a' 
crack or beneath a scale of bark. "When the laiwa hatches, it leaves the 
egg from the underside and . enters ' directly into the bark, thrusting' its 
castings backward into the discarded shell and so filling it that' it retams 
its normal size and shape. . The abandoned shell' often "adheres, to the 
bark for a year or longer. , 

THE' LARVA ■ , 

The lan-a (PL XXXI, fig. 2), before 'settling in' the pupal' chamber, is 
long, slender,' distinctly segmented,, flattened, ' and of , nearly uniform' 
width throughout, the first thoracic segment being .slightly wider, than' 
the others. , .Full-grown specimens aA’^e.rage from, '3' to 4 by 30, to '36 'mm'.. 
The color is white, except the- small head and the anal forceps, , which are 
brown. The anal forceps are promi.nent and shade from, light brown at 
the base to dark brown or black at the converging tips. • After, entering' 
the pupal cell, the larva contracts to about .half its former length and ■ in" 
this condition (PL' 'XXXI, fig. 3) it remains during the second winter, of 
its life' in,, the tree., ,' 

The la^rva lives' in, the tree for nearly' two' years, and .during this .time' 
■"'its,', movements'','are' ' substantially as. follows : . 'On^ leaving' ,tlie ;egg'.,,it '.bores'. 
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directly through the bark to the cambium, thence through the cambium 
down the trunk to the ground, whence it proceeds outward through a 
convenient root. After boring in this manner through the cambium for 
a distance of from' 6 to 12 inches it burrows abruptly into the solid wood, 
where all the feeding throughout the remaining part of the larval stage is 
done. For most of its length the burrow through the cambium fol- 
lows in a general way the grain of the wood. It sometimes zigzags 
across the grain directly after leaving the egg and invariably winds 
around the root in a spiral course once or twice just before leaving the 
cambium to enter the solid wood of the root. The burrow in the cam- 
bium soon heals and is scarcely discernible a year after it is made. 

After burrowing into the solid wood of the root, the larva continues to 
feed outward from the tree. If the root is long enough, the burrow may 
continue toward the tip for a distance of 3 or 4 feet, after which it turns 
and is directed back toward the base. The larva spends its first winter 
well out from the trunk, often in a root not more than one-sixteenth of 
an inch in diameter. In penetrating these smaller roots it converts all 
the hard wood into powder during its outward and return journey. It 
is active late in the fall and early in the spring, and probably consid- 
erable feeding is done during the winter. With the coming of warm 
weather it feeds rapidly back toward the base of the root, and by mid- 
summer it has reached the center of the root system and has begun to 
ascend the body of the tree. The latter part of the summer and the fall 
are spent in boring upward through the trunk (PL XXIX, fig, 2) and in 
fashioning a pupal chamber. In trees that are quite small pupation 
takes place within 5 to 10 inches of the ground, but in larger trees the 
larvae for some reason ascend higher before forming the pupal cell. In 
apple and pear trees that are as large as 6 inches in diameter at the base 
of the trunk it is not unusual for the larvae to ascend 2 or 3 feet to 
pupate, and in one case an individual was found in a 12-year-old pear 
tree : that had burrowed up from the roots and pupated in a branch 46 
inches, above the ground. 

The ascent through the trunk is usually made within half an inch of 
the inner bark, the larva occasionally approaching the bark but never 
entering it. The pupal chamber is a curved and enlarged terniiiius of 
the burrow, occupying a vertical position, with the convex side toward 
; the heart of the tree. The upper end of the chamber curves abruptly 
■ to the bark, while at the lower end the curvature is more gradual and 
the chamber lacks one-sixteenth of an inch or more of extending to the 
bark. The two extremities are from i inch to iK inches apart, and when 
the chamber' is completed both ends are packed with wood fragments, 
the insect occupying a space between. 

.. In. forming. its pupal quarters the larva first extends a burrow of the 
usual transverse dimensions through to the bark at the upper end. It 
then recedes for about one-fourth of ,an inch and begins eating' the wood 
fro'iu 'the' side of the burrow. As this proceeds, the larva directs its 
excavation backward along the ventral side of its body and so doubles 
the' diameter of the original gallery. The larva thus has its two ends, 
folded closely together, and as the body moves forward the head. and. 
anus are soon contiguous. At this point the excavation ceases, and the 
head turns and follows the, anus forward 'until both ' extremities are 
at ,the upper ■ end" of the chamber. '■ Here' the head rests, but' the hinder 
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parts move downward until the axis of the body is again in line. At 
first the borer is much crumpled in accommodating itself to its restricted 
quarters^ but a molt soon follows, after which all the segments of the 
body, are, so shortened that the space is adequate (PI. XXX, fig. x, c). 

The larva does not get permanently settled in its cell until well into 
December, often after severe freezing weather has occurred. 

PUPA 

The pupa (PL XXXI, fig. 4) is broad and flattened dorsally, the males 
being smaller than the females. An average female measures 3.5 mm, 
wide by 12 mm. long. The color is white, the eyes, mouth parts, and, 
later, most of the abdomen and spots on the thorax changing to black as 
the imaginal stage is approached. The pupa occupies a vertical position 
in the cell, with its ventral side toward the bark (PL XXX, fig. x , 5 ). 

Pupation takes place with the coming of the first few warm days of 
spring, occurring in the locality of the principal investigations from April 
I to X 5.. All individuals were found to have pupated in the valley of the 
Potomac River, near Moorefield and Springfield, W. Va., on April 20, 
1912, while on the mountains a few miles distant, where the elevation was 
about' 500 feet greater, no pupae could be found on the same date. In 
Randolph County, West Virginia, at an altitude of about 2,500 feet above 
the sea, pupation had occurred on April 25, 1913. The pupal, stage 
lasts from three to four weeks. 


THE adult 

The adult (PL XXXI, fig. 5) is a slender, elongate beetle, averaging 
2,5"mni. wide by 10.5 mm. long. . The elytra are black, usually with a 
tinge of purple; the head and thorax 'are iridescent pur|.xle or cupreous' in 
some lights. The sides of the thorax and a wide stripe on top extending 
over the front of the head are covered with a dense bronze pubescence; 
the underparts are black, with a metallic purplish or coppery luster; the 
dorsal surface of the abdomen beneath the elytra is dark blue. A line of 
bronze pubescence extends along the sides of the abdomen and is visible 
dorsally beyond the inflected edge of the elytra. The front of the head 
is deeply impressed; the thorax is broader than long, its sides being regu- 
larly curved; the disk has oblique depressions on each side; the elytra are 
broadened behind the middle, the tips being separately rounded and 
finely serrulate. The upper surface is finely and densely granulate. 

HABITS OF THE BEETLE 

The adult apple root borers escape through small, round holes which 
they gnaw in. the bark (PL XXX, fig.'s, a), ■ They come forth in .'May, 
all the individuals of one generation issuing in a given locality during 
a comparatively short time. The beetles are active only by day, are 
rather quick to fly when disturbed, and have the buprestid habit of 
sunning themselves in exposed positions on bark and foliage. 

It is probable that the life of the beetle does not often exceed two or 
three weeks. This is indicated by observations in the field and by 
experiences with a large number kept in wire cages placed over small 
; 'apple 'trees.; 'AlL:beetles'''Confined'in '.such '.cages died 'within about two 
■'.weeks. ' 
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HABITS OF OTHFR MEMBERS OF THE GENUS AGRITUS 

The apple root borer, Agrilus mttaticollis, belongs to a group that is 
represented by several well-known enemies of cultivated and forest 
plants and trees. The raspberry ■ gouty-gall beetle (Agrihis mficoUis 
Fab.), the two-lined chestnut borer {A, bilineattis Weber), the bronzed 
birch borer (A, anxius Gory), and the sinuate pear borer (A. sinuahis 
Oliv.) are destructive pests whose food plants are indicated b}^ their 
coHiiiion names. The damage done by the different members of the 
genus is usually due to the larvae working in or about the cambimii, quite 
often of small branches or twigs. The root-feeding habit is not known 
to be common, although there are at least two or three other species in 
the Eastern States whose habits have not been fully described, the 
larvae of which live in the roots of forest trees and shrubs. 

NATURAE ENEMIES 

So far as could be observed, the natural enemies of the apple, root 
borer are confined to one species of hymenopterous parasite which 
attacks and destroys the larva and pupa (PL XXX, fig. 4). The adult 
of this; parasite was first reared in April, .1912, and was described by Mr. 
H. I/.'Viereck^ of the Bureau of Entomology, as representing a new genus, 
under the name Xylophriiridea agrili (Pis. XXX, fig. 2, and XXXI, 
fig. 6). Two generations of this parasite occur annually, one brood of 
the adult appearing early in the spring and another late in the fall. 
Oviposition was not observed, but it is presumed that the female uses 
her strong external ovipositor to pierce the bark and wood, in order to 
get at her host. The spring brood of adult parasites oviposits on the 
root-borer pupjE or oh the larvse just before pupation, and the fall brood 
oviposits on the larvse at about the time the pupal ceil is being formed. 
The parasitic larvse attack their host externally, those from the spring 
eggs developing rapidly, and, when full grown, constructing cocoons 
which occupy the host cell. This generation passes the greater part of 
the warm, season of the year as larvae in the cocoon. The larvae from the 
fall brood of eggs develop less rapidly, some of them reaching full growth 
and constructing cocoons in the fall and early winter and others not 
' entering the cocoon until very early in the spring. 

The adult parasites have difiiculty in escaping from their transfoniiing 
quarters, and many of them die in their effort to gnaw their way out 
through' the bark. Parasitization is. much more frequent with the bb,rers 
that are in^ very small trees. This is doubtless due to the fact that the 
'borers in such trees are forced to work nearer the bark, where they are 
Tnore constantly within reach of the ovipositor of the parasite. On the 
whole, from 25 to 40 per cent of the root borers are destroyed by this 
■parasite; , , 

remedial and preventive MEASUREvS 

On account of the larva's concealed method of feeding, the diggmg-out 
process, which is used effectively against several species of fruit-tree 
borers, is not practicable or possible in this. case. Control measures must 
■ be directed toward the 'protection of^ the trunk of the tree' against the 

i Vicreck, H. L. Contributions to our knowledge. .of bees and ichneumon, flies, including, the descri^ptiom 
of 21 new genera and 57 new species of ichneumon flies, Proc, XJ. S* Nat. Mas., ¥.'43, p., 646. X9X3. 



Nov. i6, 1914 


Apple Root Borer 


185 


deposition of the egg rather than the killing of the borer after it begins 
feeding. Where paints, washes, or mechanical devices of any kind are 
used on trees as a preventive of injury by the roundheaded apple tree 
borer j equal protection may be had against the,, apple root borer by 
treating the trunks at about the time fruit is setting in the spring. The 
egg-laying season is of short duration, and temporary wrappers of paper 
or burlap, or any other material that will entirely cover the lower 2 feet 
of the trunk for a period of four or five weeks following the blooming 
season of apple, will in a large measure prevent eggs from being placed 
on the bark. Treatment with sticky adhesives or heavy paints that, are 
not injurious to the trees will answer the same purpose. 

The apple root borers develop freety in the common service tree/ 
and the pro^dmity to apple orchards of woods in which this tree flourishes 
may always be regarded as a source of possible infestation to the orchard. 



PLATE XXIX 

Fi^s. I , and ■—Sections of, an apple root,.' -sliowiiig btirrows' of tlie apple , root bbrer 
(AgriMs mtiaikoUis), Abotit natural size. Original. 

, Fig. ' 2 .'—Cross section of tlie trunk of 'a young ■ apple tree, ' showing burrows^ made by 
tlie larvae of 'the apple root borer in .ascending . the trunk to pupate. Natural sijfee. 
Original. . 








PLATE XXX. 


Fig, 1,—Agnlus vitiaticolUs: Larva (c), pupa ( 5 ), and adult (o) of tlie apple root 
borer in tile pupal cell. SligMiy enlarged. Original. 

Fig, 2 ,—Xylophruridea agrili^ a common parasite of the apple root borer. Oreatly 
enlarged; natural size, i8 mm. Original. 

Fig. 3. — Section of trunk of young service tree, showing below the white egg and 
above &e exit hole of the apple root borer. Natural size. Original. 

Fig. 4 . — Xylophruridea agrili: Larvae of the parasite; one feeding on the larva and 
the other in the pupal cell of its host. Enlarged about one-third. Ofiginal. 

62697° — 14 8 . . 



PLATS- xxxr ^ 

’Blgyi^—AgriluS' mtiaikoUisr Egg on trunk of yotmg service, tree. Origmal. 

■' SigV 2 .— A mils Feeding fonn of l^a. ■ X' 4 « Original. 

: 'Mg. '^.---Agrikis,.viUuiico^^^ Contracted form of, larva as taken, from pupal cell. 
X d. . ’ OriginaL ; 

■■■ 'Big..4.---Agnlus'mtU^^ 'X. S. "Original. 

' $.-^Agnl%s' liiiatko^ a, Adult,- or beetle; b, claw.; r, antenna. a, X 5; 
,€,MgUy magnified. ' OrigimL . . 

6.'--Xyhpknmdea agrtlk a parasite of tbe apple, root borer: Pupa. X S. ’ 
OfigmaL’ , ' , - '■ 
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CHANGES IN COMPOSITION OF PEEL AND PULP OF 
RIPENING BANANAS 

By H. C. Gore 

Chemistin Charge f Fruit and Vegetable Utilization Laboratory, 

Bureau of Chemistry 

INTRODUCTION 

■ In attempting to determine the effect of temperature,, gH' the rate of ' 
respiration of the banana it was found that the rate 

of respiration increased very rapidly during ripening (13)^, as, indeed, had 
been obsen^ed by Gerber (12)., and the bananas maintained themselves 
during ripening at temperatures . distinctly above that of their ' sur-,'; 
roundings, in consequence of .the intensely active respiration. The 
phenomenon of self-heating suggested the need of experiments in' a cal- 
orimeter to determine the amount of heat evolved in relation to carbon 
dioxid formed and oxygen consumed. The necessity of accompan5dng 
such studies' with analyses of samples of the bananas under observation 
led to the analytical work recorded in this paper. ' 

The che,inical changes which occur in the . banana during ripening have,', 
been studied by .Buignet (5)-; Corenwinder (8, 9, 10), Marcano, /and., 
Muntz {17); Bicciardi: (20); Doherty (i.i);- Colby (7); Gerber ,(12),:;^ Bal« 
land' (4); 'At water' and Bryant, (i)';'Chace,, Tolman,, -and' Munson'' (6'); 
Bailey (2, , 3) ;, ,Prinsen Geerligs "(iB) ; Tallarico (21) Jahkel '(14},;,- YosM-* 
mura (22); and Reich (19). ' The results have invariably bee,n" expressed 
in terms of the percentage of the. pulp., of the fruit ^when , analyzed, and 
the data are, in consequence, on a constantly shifting ,' basis, ;,as the peel, 
continuously loses weight and .the weight of ,■,, the pulp 'Steadily increases.:' 
An accurate account of the, chemical changes 'for use in' exact ,bioc,heiii'-',', 
ical St udies' was therefore lacking. . ' 

, Four ripening experi,ments were made. 'In, two experiments' 'B'Unches', 
'of green bananas were ripened in .a large. respiration calorimeter' designed 
for experiments with man. In the third and fourth 'experiments, studies 
.were made, in a specially designed' ripening chamber, ''of ■ the 'unfformity 

■ Refermce is made .by nuiiiber. to.," E*teratttre''cited,”,t>f>.\2fd2-jto3,.'.,' ; 
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mitli wMch ripening occtirs in different bunches of bananas and of the 
rate of starch hydrolysis during ripening in relation to changes in the 
rate of respiration. The first and second experiments were made in 
cooperation with Messrs. C. F. Langworthy and R. D. Milner, Nutrition 
InvestigadoriS, Office of Experiment Stations, who measured the weight 
changes on ripening, the carbon dioxid, the water and the heat evolved, 
and the oxygen absorbed. The composition was determined before and 
after ripening. Green bananas selected from commercial shipments just 
received from the West Indies were used in all cases. 

FIRST EXPERIMENT 

Six bunches of green bananas were used. They were evenly matured, 
so far as could be judged from the comparative intensity of the green 
color. The top and the bottom of the stem of each bunch were trimmed 
smoothly, and all injured fruits -whose pulp might have been infected as 
a result of mechanical injury were removed. 

For analysis, six fruits were- cut from each of, five bunches and eight 
fruits taken from the sixth bunch, which was larger than the others. 
The samples Avere taken from the inner and the outer portions of the 
*ibands’’ at the top, the middle," and the bottom of each bunch, cutting 
them off 'where the short stem by which, the bananas are attached to 
the stalks was most constricted. , After ripening, samples were removed 
from .the same “hands” from which samples had been previously taken, 
bur they wei’e cut from places removed from where the p,recedmg' samples 
had been attached, in order to avoid possible effects of local' stimulus 
ro adjacent fruits due to cutting. No indication of such effect, how- 
ever, was noticeable. 

The samples of green' or ripe bananas were first weighed and then 
separated into peel and pulp. The peels of green bananas adhere closely ■ 
to the pulp, and appx'eciable losses from evaporation are unavoidable. 
After separation, the peel and the pulp were weighed, to determine their 
respective proportions and the losses from evaporation. To express the 
analyses in terms of the original bananas, it, was necessary to correct 
for this evaporation. To this end. the loss in weight on peeling was 
arbitrarily d,ivided equally between ■ the respective weights of ^peel' and 
pulp, and the percentages of peel, and pulp were then calculated. The 
samples of peel and pulp were ground' by passing them through a. food 
chopper, • ' 

The methods of, analysis, used '.in -this 'and succeeding studies were as 

,fQilows: 

'SoniDS' were , determined , by evaporation in vacuo at 70° C. '' 

' Ash .ANB.'sonnBnE 'AHKAniNiTy of ash were determined by' the official 

'methods.^ ■' ■ ■ 


• Wiley, ,H:, W,. et al. , Official and proidsiona! methods of ..aiiaiysis. Association of Official A griciiltnra,! 
Cbcamsts,. V. S. Dept. Agr., Enr. Chem. .Bnl.' toy (rev.), p. 'so2. 190S,. , ■, ■ 



Bee. IS, 1914 Changes in Composition of Ripening Bananas 189 

NixROGHN determinations were made by the official methods^ by Mr. 
T. C. Trescotj of the Bureau of, Chemistry. 

Ethbr extract was determined by exhausting with alcohol, and de- 
termining the ether extract in residue and alcohol-soluble extract. In case 
of the alcohol-insoluble extract the alcohol \ms evaporated, the residue 
transferred to a separatory funnel by use of water and ether, and extracted 
repeatedly with ether. These extracts w^ere then combined, washed with 
water, and evaporated in tared flasks. 

Carbohydrates were determined by treating weighed . samples with 
80 per cent alcohol in Soxhlet extractors, using several portions of alcohol 
so as to avoid giving the larger proportion of the sugars a prolonged heat 
treatment. The residues were dried and 'weighed, and the weighed por- 
tions used in the estimation of starch and pentosans. The extracts were 
mixed with a little calcium carbonate, evaporated on the steam bath in 
a current of air, avoiding evaporation to dryness, and then taken up in 
water, treated with lead acetate, and made up to a kiiow-n volume. 
After filtering, the excess of lead was removed by use of dry sodium 
oxalate. 

Reducing sugar and sucrose w^ere determined in this solution, by 
applying the copper-reduction method of Munson and Walker,^ before 
and after inversion.® 

Starch. To determine starch, 3-gram samples of the alcohol-insoluble 
material were transferred to 300 c. c. flasks, hydrolyzed wdth hydro- 
chloric acid as directed in the official method/ and the dextrose deter- 
mined by the copper-reduction method of Munson and Walker/' 

Pentosans were determined in the alcohol-insoluble residues by the 
provisional method of the Association of Official Agricultural Chemists.® 

Although at the time it w^as supposed that due precautions had been 
taken to prevent inversion of sucrose, unfortunately it is not improbable 
that more or less inversion may have occurred, owing to the failure to 
heat the alcohol extract to boiling. 

When' removed, the bananas were of a bright clear yellow, with a little 
green sho\ying. at the tips. They were entirely free from decay. ' ■ The 
fruit surfaces were moist and waxy, indicating that the humidity had been 
high. During ripening, the calorimeter record showed that the tempera- 
tures had varied from 18.8° to 20.4° C., average 20.1*^ C.. The oxygeU'' 
content of' the air supplied varied from 20,4 to 10.8 per cent, by volume,, 
average 15.5' per cent, probably sufficient for normal ripening.. 

The bananas weighed 137.71 kg. when placed in' the calorimeter 'and 
132.37' kg. when ' withdrawn, a loss, in weight of 3.88 pet' cent.'”' The' 


i op. cit„ p. 7, 

^Op.'cit.jp. 241.' 


- Op. dt., p, 41. 
^ Op. dt., p. 53. 


^ ,Op. dt., p. S4T. 
®Op. dt, p., 54. 
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fruit consisted of 41.72 per cent of peel and 58.28 per cent of pulp when 
green and of 37.85 per cent of peel and 62.15 cent of pulp when ripe. 
Calculated on the basis of the original bananas, the percentage of ripe 
peel was 36.38, a loss of 5.34 per cent of its weight. On the same basis 
the percentage of pulp was 59.73, a gain in weight of 1.45 per cent. 
Expressed in terms of the original bananas, the solids in the peel decreased 
from 5.21 to 4.88 per cent, the water from 36.51 to 31.50 per cent, about 
two-thirds of the starch passed into sugars, and the pentosans decreased 
slightly. The ash, the alkalinity of ash, the nitrogen, and the ether 
extract did not change materially. There was an apparent net loss in 
carbohydrates of 0.46 per cent. 

Expressed in the same way, the solids in the pulp decreased from 
16.93 to 16.74 cent. The water increased from 41.35 to 42.99 per 
cent. The starch content changed from 13.15 to 2.40 per cent, the reduc- 
ing sugars from 0.37 to 10.34 per cent, and the sucrose from 0.48 to 1.52 
per cent. There was a net loss in carbohydrates of 0.88 per cent, due 
to respiration. The pentosans changed from 0.40 to 0.18 per cent. x\s 
in the peel, the ash, the alkalinity of ash, the nitrogen, and the ether 
extract in the pulp did not undergo marked changes in the amounts 
present. See Table I. 

Table I.’~-Composmo7i of bananas before and after ripening in respiration calorinieier 

COMPOSITION EXPRESSED IX TERMS OP PERCENTAGE OP PEEE OR PUEP W'HEN iVNMYZED 
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COMPOSITION expressed IN XERaiS OP PERCENTAGE OF THE WHOEE GREEN BANANAS « 
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16*93 

•52 

* 29 

• 70,1 

[ 

[ -24 

•37 

.48' 

13*25 

25-32 

.40 

Ripe bananas 

59 - 73 1 42 - 99 ! 

: 26. 74 

•51 

.28 

. • 74 1 

['■ '-24 

I 

10.34 

2..S2 

i 

2.40 

3.80 

, . 18 


■■ PerceGiage of lossio.' weight on ripeiimg,,3,8S. 
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SECONB EXPERIMENT 

In the second experiment similar composition changes occurred. ■ In 
addition, it was demonstrated that the banana stem does not contribute 
materially to the fruit during ripening. The details of this experiment 
are*' as follows:.. 

Four bunches, of green bananas, consisting of the most evenly ripened 
fruit, judging by color, of a lot of eight bunches of the green fruit, 'were 
placed ill. the calorimeter after sampling and weighing. Six fruits had 
been removed as samples from each of two bunches of' green bananas 
aii.d eight from each of the others. . 

During ripening the temperature varied from 20.9° to 24.2° C., averag- 
ing 23,1® C. ; the oxygen content of the air varied bet'ween 20-0 and 6.i„ 
per cent by volume, averaging 14.1 per cent; and the humidity remained 
high, as before.' When removed, all of the fruits were thoroughly ripe, 
and indeed one bunch was slightly overripe. Several specimens on this 
bunch were beginning to spoil. The skins were bright golden yellow, 
and the fruit surfaces were waxy and moist. No ^ browning occurred, 
except where the bananas were superficially injured. 

After weighing, the bunches were again sampled. In the analyses 
determinations of protein, ash, and ether extract were omitted,' as' the 
quantities of these substances present had been found to change ■ but 
very slightly duringTipening. 

The four bunches remaining after selection of the bananas for .the 
.respiration calorimeter were used in the study of the composition of 
the green stem. Mr. W. H. Evans, of the Office of Experiment Stations, 
suggested that possibly the' stem contained resenm materials ' supplied 
to the fruit during ripening. The bananas were detached from the 
stems in the same manner as when taking samples for analysis, le.a\diig. 
on the stems the stubs of the short stems by which the bananas were 
attached.' The percentage of stems., was 5.04 ' per cent. ■■ They ■ were 
■finely divided' in a shredding machine and analyzed, using the methods;, 
employed for the analysis' of peel and pulp.. At the "conclusion- .of; the' 
ripening experiment in the calorimeter the weight of' the' stems, of. '.'the 
ripened bananas w.a.s determined and the stems 'then, ground' and analyzed. 

The original weight of the four bunches of green bananas, placed' in 
the calorimeter after sampling was' 75.90 'kg. They suffered .a 'loss upon' 
ripening of 6.36 kg., or 8.38 per 'Ceiit. ^ 

The bananas after ripening consisted of 95.30 per , cent' of fruit and" 
4. 70 per cent of stem. Assuming that, the fruit and stalks' lost weight' 
in equal proportions, 'the respective weights of green fruits and stems 
when placed in the calorimeter were 72.33, and ' 3.57 kg. ' The propor- 
tions „of P'Ulp and peel of the green bananas .were 58.22 'and",4i,''78'";per. 
:''ceiit, respectively. "The entire .bunches of green ; bananas;, as,, placed.'-' in 
"the calorimeter 'after sampling 'consisted therefore 'Of 55.48 .per, ".cent'" of 
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pulp, 39.S2 per cent of peel, and 4.70 per cent of stem. When ripe, the 
bunches consisted of 63 per cent of pulp, 32-3*^ cent of peel, and 4.70 
per cent of stem. Based, however, upon the weight of the original 
bunches of green bananas, the proportion in ripe bananas was 57*72 per 
cent of pulp, 29.59 P^r cent of peel, and 4*32 P^i cent of stem, a total 
of 91.63 per cent. 

The anal3-tical data, are given in Table II in terras of percentage of 
pulp and peel as analyzed (corrected for loss in weight in peeling), in 
terms of the original whole bananas, and in terms of the entire bunch of 
bananas— i. e., including the stem. The ripening period was longer than 
in the first experiment in the calorimeter, more starch disappeared, and 
more sugars formed, while the gams of water in pulp and losses in peel 
were greater. The studj’ of the composition of the stem before and 
after ripening showed that the changes which occur in it during the 
ripening process are so slight as to be insignificant. The percentage of 
loss in solids, on the basis of the original bananas, was but 0.04 per cent. 

Table II . — Composition of bamms before ajid after ripening in respiration calormieter 


coM'Posmoic cv terms oe percentage of psee, puep, and stem of the bananas before 

AND AFTER RIPENING 



j 

! Percen't- 



Composition. 



Part of fruit. 

i age, of 

1 whole 

1 fruit. 

r 

Water. 

Solids. 

Reduc- 
ing sugar 
as invert. 

Sucrose. 

Starch. 

Alcohol- 

insoluble 

solids. 

Pento- 
' sans. 

Peel; 

Green bananas'. . . 

! ■ 

. 1 4 X* 7 S 

SS.2S i 

II. 72 

0. 76 

0. 02 

4-43 

S.SS ■ 

0.86 

Ripe bananas, . . . 

•f 33 *S 9 

Ss.I2 j 

24. ss 

4.42 

■ ■ . 12 

1. 6s 

'6.77 : 

.96 

Pulp: 

Green bananas . . . 

1 

, j SS. 22 

1 70.76 

29.24 

.71 

. 02 

24.10 1 

27,03 . 

.68 

Ripe bananas 

66. tx 

i 73 'Oo 1 

27. CO 

13. Sx 

S. 50 

1. 17 

3-42 , 

*25 

Stem: 

Green bananas. . . 

i 

t 90.19 

1 88. 97 ! 

! 

9. Si 

• 63 , ! 

.30 

,•■17 

.04. 

I* 59 
1*83 

7.03 
'8. 73 

Ripe bananas. .. . 

. j 4 ' 70 

11.03 



COMPOSIIION EXPRESSED IN TERMS OF PERCENTAGE OF THE WHOEE GREEN BANANAS & 


Peel: 

.Green bananas. 
Ripe banaiias. - 

...A 41. 7S 

'31.03 

i 

36.83 

26.43 

41. 20 
44- 22 

i 

4.90 

4.62 

0.32 
■ 1. 37 

0*01 

i.8S 

' 

3 *S 7 

0. 36 

.Pulp: 

Green bananas. 
Ripe bananas. 

. . . . : , 60. 57 

17-03 

16.35 

. .41 

8-37 

*or 

S-IS 

14. 03 
.71 

13-74 

2.07 

• 40 
. 15 

CO'MPOSmON 

EXPRESSED IN 

TERMS OF PERCENTAGE OF THE WISOEE STEM OF GREEN BANANAS ^ 

Fed: 

Green bananas . 


' 

■ 

35 - X 5 
25 * 19 

4 * 67 
4*40 

0-30 

1*31 


1-. 76 

' 13-37 

3-40 


Ripebanaims. . 

. . . . - 29 * 59 

.04 


Palp: 

Green bananas. 

. . . . i 53. 4S 

39*26 

16.33 

•39 

.01 


; 

,, Ripe bananas.". 

. 57 - 72 

42-14 

15. 58 

7-97 

4 - 9 X 

■ .,68 

x -97 

•33 

*38' 

■ 


Stem: 

Green bananas. 

1 

1 4. 70' 

4. iS 

.'52 

-03 

. 01 

■ ".oS 


,„Ripe bananas. 

4-32 

3-84 

■48 

. ox 

.002 

■ -oS 



« It is here assamssci^tliat the same proportion of stem, is present 'in tke'-gr^een as in the ripe bananas.. 
» Percentage of loss la weight on ripening, '8.38. ' , ' 
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THIRD EXPERIMENT 

It now seemed well to observe the composition of the banana of com- 
merce repeatedly at several stages during its ripening, in order to de- 
termine the uniformity of the changes which occur in bananas from 
different bunches. Four bunches of bananas were ripened in a specially 
constructed humidity chamber and each bunch was sampled three times 
during its ripening. ■ This experiment demonstrated that the changes 
in ripening in the four bunches were remarkably uniform, while the data 
secured in the first two experiments were repeatedly confirmed. In 
addition, the study gives a good idea of the composition of bananas 
when just ripe enough to be edible and also when very ripe. 



The detailed account of the experiment is as follows: 

The humidity chamber (fig. i) consisted of a large case, of cold-storage 
construction, divided by an insulated wall into two compartments, A 
and B. Compartment A was so arranged that it could be kept at con-' 
stant temperature and humidity at temperatures ■ beloW' that of the 
room. Ice was placed in compartment B. In A the air was circulated" 
continuously by an electric fan. The course of the air current w^as as' 
follows : From the fan it was deflected by the baffle C to play upon the 
surface of water in the tank D. The water w^as here kept at constant 
level by a device not, shown and was warmed by an electrically heated 
immersion heating coil, also not shown. The air then passed .tip through 
the vertical cooling coil H. The air, moisture laden and cooled, ' was, 
then delivered, through holes in the false ceiling E to the rest of the 
compartment, whence it was drawn back to the fan tiiroiigh holes in the 
false bottom F. Detached bananas or other objects were placed on the 
false bottom F or on the slatted shelf 'G. When, bunches' of , bananas 
were being ripened, shelf G. was removed and' the' fruit was" suspetided 
from' hooks in the false ceiling. 
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Compartiiietit B ivas lined vnth galvanized iron. At the bottom the 
horizontal coil I was connected through the partition with the vertical 
coil Hill compartment A. The ice rested directly upon coil I. To cool 
compartment A, tap water was supplied to coil I and the ice-cold water 
displaced is coil I passed into coil H. Automatic delivery of cold water 
to coil H Yva.s accomplished by the operation of the sounder J, which in 
turn was controlled by the thermostat (not shown) in compartment A. 
The form of the thermostat has already been illustrated (13). The low- 
tension circuit opened and closed by the thennostat operated a relay in 
which a no- volt B. C. circuit ivas opened and closed. In the iio-volt 
D, C. circuit a 32-candlepower carbon-filament lamp and the sounder J 
were placed in series. When the circuit was closed, the lever of the 
sounder compressed a rubber tube through which a slow stream of tap 
water ivas passing to waste. The water was -then delivered to coil L 
The sounder was of a resistance of 4 ohms. 

The constancy of the apparatus is from 0.1° to 0.2® C., depending 
upon a . number of factors, of ivhich the external temperature and the 
rate of water flow are perhaps the most important. The humidity re- 
mained' high and constant. The apparatus is capable of operating con- 
tinuo'iisly for weeks at a time in the neighborhood of 20^^ C. in hot weather, 
with little or no attention, except that of' being supplied with ice. The 
cold-storage f eatures ' of the humidity chamber, without which it would 
be of little value for the purpose of operating, at temperatures below that 
of the room, were suggested by Mr. S. J. Dennis, of the Bureau of Plant 
Industry. 

Four large bunches of average-sized green bananas, carefully trimmed 
and sampled, were weighed and suspended in the humidity chamber and 
the bananas allowed to ripen. When their color had just changed from 
green to yellow^, the tips of the fruit being still green, each lot was weighed, 
■sampled as before, again iveighed, and allowed to ripen further. The 
temperature was kept at 20® C. during ripening, and the air in the humi- 
dor was constantly renewed. ■ When the bunches had become very ripe, 
most .of the fiuits showing slight' superficial browmiiig, the bunches were 
weighed a-tid samples again taken. The pulp of the bananas was now 
soft, tender, and somewhat mealy. It was entirely free from translU'Cent ' 
., .semiliquid: portions and from decay. On weighing the, bunches at ' this 
'' time iii,any fruits broke off, 'and the experiment was discontinued. 

: ' .The, records of the weights permit 'nfference of the results' to the basis 
; of' the original bunches, assuming,' as in the previously described studies, 
that the, stems lost weight .at the same rate as the . bananas themselves. 
The' analytical riata are., shown- in Table III. In -all cases nearly all' of 
the starch of the, peel and the pulp •gradually passed 'into •'■sugar. ' For 
completeii'ess the -ash, the -alkalinity, of the ash, and' the' protein, were 
determined in both, pulp-and-ped..", As 'in' the-previous study,' the clianges^ 
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in' the quantities of these ingredients present were insignificant. ; In the 
peel the transformation of starch into soluble carbohydrates was more 
rapid during the change from green to yellow than siibsequently. In 
the pulp also the transformation of starch was the most rapid dufing the 
change in color of the bananas from green to yellow. By the end of this 
period about two-thirds of the starch had passed into soluble carbohy- 
drates. During the subsequent ripening in each case a large proportion' 
of the remaining starch in the pulp became converted into sugars. Some 
variation appears in the amounts of sucrose and invert sugar foniied on 
ripening in the pulp of the bananas from .the several bunches, but unfor- 
tunately a defect in the method existed (see p. 1S9), and more or less 
inversion of sucrose ma}^ have occurred during analysis. The figures for 
sucrose are probably slightly high and those for reducing sugars corre- 
spondingly low. "Striking features of each, set of analyses are the water 
changes. The peels lost water at uniform rates; the pulps all gained 
water— most rapidly after turning yellow. 


Tabu35 III . — Composition of bananas during ripenmg on ike stem in the humidity 

chamber 


COMPOSITION EXPRESSED IN TERMS OP PERCENTAGES OP PEEL AND PULP OP THE BANANAS BEPORE A1^”D 

AFTER RIPENING 






^ ■ 

0 i 



Composition of peel or pulp. 







age of wl 
fruit. 










fl 

Part of fruit. 

ti 

o.h 

weight 0 
ening. 

1 


i 

'0 4 

0 


u 

« 

- > 

! 

i 

" 

M . 

0 tt? 

zr 

52; 

1 

m 


d TS 

gl 

z n 

„.s 

a 

0 

0 i 

i 

Water. 

Solids. 

Ash. 

•|s 

1 

'u .S 

p 

Sucrose 

starch. 

8-Q 

< 


Peel; 

Days. 







0.64 




'S. 3 X 


Green bananas 

0 

0.00 

40.30; 89.06 

XO.94 

X. 45 

0 . 95 

0-96 

0. 23 

4. 20 


Ripe bananas.. , . . 

6 

4-46 

36.76; 87-64 

12.36 

1.71 

1. 10 

.68 

3.^ 

,06 

2.00 

6.86 

1065 ' 

Pull ripe bananas . 
Pulp: 

U 

10.04 

32*25 

84.32 

15.69 

2.09 

I.3S 

.87 

3*82 

•34 

1.98 

8.30 


Green bananas 

0 

o.oc 

59.70 

72. 94 

27.06 

.90 

•53 

X.04 

-77 

•37 

21-54 

24.88 


Ripe ban,anas 

6 

4.46 

63. 24 

72.94 

27.06 

•94 

.52 

.97 

16. 41 

,,1.02 

5 - 43 

' 7-92 


Full ripe bananas . 
Peel: 

23 

10.04 

68. 8s 

75.98 

24. 02 

.86 

•49 

•93 

13.96 

5*35 

• 76 

'2., 89 


Green bananas 

0 

0.00 

40 - 15 

87. 75 

I 2 , 2 S 

i.37 

, .'S6 

.92 

.69 

i2I 

' 4.94 

©•49 


Ripe bananas ! 

S 

3-33 

37-60 

87.09 

12.91 

I- 5 S 

•95 

.88 

3.X4 

■ ■•SI 

2 .:S 4 

>52 

1066 

Full ripe bananas . i 
Pulp: i 

13 

9*43 

31. 22 

83.59 

16. 41 

1.91 

1-20 

,1.07 

4.77 


' 1-94 

.'8. qS 


Green bananas. , . . i 

0 

0.00 

59.8s 

72. 21 

27. 79 

.88 

.5,2 

„ X.30 

■ .64 

•'32 

' 32 . S5 

'25.93 


Ripe bananas 

5 

3*33 

62.40 

71. 76 

28. 24 

'*96 

* 50; 

1. 25 

7.69 

9-37 

: 6. 49 

9.00 


Full ripe bananas . 
Peel: 

13 

9-43 

68. 78 

75 - 70 

24.30 

.82 

'• 47 : 

1. 16 

1' X 4 .. 5 S 

' 5-07 

" ,> 7 S 

'' '2.76 

8.74 


Green bananas 

Q 

0.00 

40-35 

88.13 

II. 87 

1.37 

.87' 

' . ' .88 

: .96 

. 13 

4.4a 


Ripe bananas 


3-17 

37 - 45 

87.32 

12.68 

1.52 

.96 

•79 

' 2.81' 

-65 

2.33 

' 7 - 09 ', 

1067 

Full ripe bananas , 
'Pulp: 


S. 90 

30.80 

83.53 

16.47 

1.96 

1 ;i .23 

■ 'I-2'l 

4.50 

• 19 

1.98 

!'' 8 . 33 ' 


, Green bananas 

0 

0.00 

59.6s 

72. 12 

27- 88 

28- 13 

.92 

-54 

1.37 

,41 

-SJ 

22.43 

26'- 05 


Ripe bananas 

5 

3*27 

62.55 

71.87 

.95 

-SO 

1*32 

7*36': 

9 - 17 

6. s6 

,8.9s 


Full ripe bananas , 
Peel: 

23 

8.90 

69. 20 

■75.40 

24.60 

.86 

.48 

1.23: 

13. 12: 

6. '70: 

, .77 

2 . '78 

S.33, 


Green bananas 

c 

o«oo 

43‘44 

8$. 74 

11.26 

1.32 

.86 

•73 

.96 

•XS 

4. 10 


Ripe bananas 

7 

‘ 3 - 9 S 

39.70 

87- 64 

12,36 

z-SJ 

.98 

-74 

2-96 

. It 

3.06; 

6. 62 

1068' 

Full ripe bananas. 
jPulp: 

i " 

, 8.02 

i 34.27 

85.38 

14-62 

1.8a 

1.20, .93 

3 -s 6 

.x6 

'I- 77 ; 

'. ,7.49 


Green ban,anas.... 

•i " c 

5 0,0c 

> 56. sf 

71,9c 

28. 10 

-Ss 

.491 . 1.20 

-29 

, ■ • 43 

22. s'x 

26.22 


Ripe bananas 


f 3 - 9 ^ 

\ 60.3c 

» 72.07 

f 27-93 

.90 

- 4 ^ 

1 1. 14 

, 14.69 

1. 98 

'6.88 

9.66 


Fiili ripe bananas, 

I,; 

5 8- 0; 

! 65.7^ 

f 74-92 

1 2S-o8 

.So 

j . 4 S| x-o6 

. 9. 91 

1 6. Sit , 1.01 

3 - 18 
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Table III. — Camposiiion of bananas during ripening on the stem in the humidity 

chamber — Continued 

COMPOStTlON SSPRES3ED IN TEEMS OE PERCENTAGE OP THE WHOEE GREEN BANANAS 




n . 
11 


0 

1 



Composition of peel or pulp. 



2' 

3 

Part of fmit. 

a 3 

0 g 

0 

S.B 

n 

.3 

C 

d 

P 

Water. 

Solids. 

Ash. 

Alkalinity of 
ash as KsCOs. 

Protein, 

Reducing sugar 
as invert. 

Sucrose. 

Starch, 

|l 

•Sii 


(Peel; 

i Green bananas 

Days. 

0 

0.00 

40.30 

35-89 

4-41 

0.58 

0.3S 

0.26 

0.36 

o.og 

2.69 

3*35 


Ripe bananas. — 

6 

4.46 

35-22 

30. 7S 

4-34 

.60 

•39 

.24 

X-I 5 

.02 

.70 

2.41 

1065 

Full ripe bananas. 
Pulp: 

13 

10.04 

sS. 02 

23.63 

4-40 

•59 

• 39 

.24 

1.07 

.10 

.36 

2*33 


Green bananas 

0 

0.00 

59.70 

43-54 

16. 15 

-54 

,32 

.62 

.46 

. 22 

12.86 

14. 85 


Ripe bananas 

6 

4.46 

60.42 

44 - 07 

16.36 

•57 

* 3 ^ 

.39 

9-92 

.62 

3-27 

4 * 79 


Fuli ripe bananas . 

23 

10. 04 

61.94 

47.06 

14. ss 

•S 3 

• 30 

•58 

S.65 

3-31 

•47 

1.79 


Peel: 

Green bananas, . . . 

0 

0.00 

40. IS 

35 - 23 

4. 92 

•55 

•35 

•37 

.28 

.08 

1.98 

3- 81 


Ripe bananas [ 

5 ' 

3-53 

36.3s 

31.66 

4-69 

.56 

•35 

‘32 

I- 14 

.18 

.92 

2. 73 

1066 ' 

Fmi ripe bananas, i 
Pulp; 1 


9-43 

28. aS 

23.64 

4-64 

•54 

•34 

•30 

1-35 

.07 

•53 

2. 29 

I 


Green bananas....! 

0! 

0.00 

S 9 -S 5 

43.22; 16.63 

-S 3 

•31 

.78 

.38 

.19 

X 3 -SO 

15.51 


Ripe bananas j 

Si 

3*33 

; 60.32 

43-35 

17- 05 

•54 

.30 

.76 

4-64 

S-66 

3.92 

5*43 


, ' Fml ripe bananas . | 
'Peel: I 

13 

9*43 

62.29 

! 

47 - 16 

IS- 14 

-SI 

.29 

. 72 

g.o6 

3 *x 6 

■47 

1.72 

i 


Green bananas..,.! 

0; 

0.00 

40.3s 

33 - S6 

4 - 79 

*55 

•35 

.36 

•39 

.05 

I.7S 

! 3*53 

i 

Ripe bananas i 


1 3 ' 27 

36. 26 

31-66 

4.60 

•55 

•35 

.29 

1. w 

.24 

.8s 

; 2*57 

X067 1' 

Full ripe bananas . 1 

Pulp; ■ 1 

23; 

1 8. 90 

2S.06 

23.44 

4.62 

•55 

•35 

.34 

1. 26 

•OS 

.56 

2.34 


Green bananas....! 

0 

I 0.00 

59 - 6s; 43-02 

16.63 

• 55 

•32 

.82 

• 2S 

•30 

13*38 

IS* 54 

( 

Ripe bananas ' 

S' 

1 3-^7 

60.57I 43-53 

17-04 

.58: 

.30 

! .So 

4-46 

5 * 55 ' 

3-97 

5*43 


, ripe bananas.' 

'Peel: 

23 

i S' 90 

63-04: 47-53 

XS-SI 

•54 

.30: 

1 .78 

8.27 

4. 22 

•49 

j 

1*75 

i 

Green bananas. . , . 

■0 

1 0.00 

, 43 - 44 ! aS-ssI 4. $9 

•57 

i *37 

j .32 

.42 

.07 

1.78! 

3.63 


Ripe bananas 

7 

,23 

3-98 

3S. 12 

33-41 

4 - 71 

• ss 

' -37 

i .28 

1.13 

.04 

■79 

2. 52 

106S j 

Ftdl ripe bananas . 
Pulp: 

1 8.02 

31 - S2 

I 26.91 

4 - 61 

•sS 

i .38^ 

1 .=7 

X.I3 

.05 

.56 

a -36 


Green bananas, . . . 

0 

^ 0.00 

56.56! 40.67 

15-89 

. 48 

1 .28' 

! .68 

.16 

.24 

12*73 

' i.i. 83 


Ripe bananas. 

7 

: 3-98 

57,90;. 41.73 

16. 17 

• 52 

1 .28, 

: .66 

8.50 

1. 15 

! 3.98 

S' 59 

I 

^ Full ripe bananas . 


8. 02 

60.46 

45. 30 

IS- 16 

.48 

1 ‘ 27 : 

1 ; 

j .64 

S- 99 j 

4-12 

■ .61 

1.92 


A ■ Statement of the average composition of the pulps of the four 
bunches of bananas as aiialvzed, summarized from Table III, is given in 
Table lY. 

Table T\l — Average composition in terms of percentage of pulp of bananas at different 

stages 


i Percent- 

, . , 1 

1 , fruit. 

1 

■Water. 

SoHds, 

i , ,i 

Ash. 

Alka- 
linity 
Gi ash. 

Pro- 

tein, 

NX6.2S. 

Re- 

during 

sugars 

as 

invert. 

Su- 

crose. 

Starch. 

Green pulp. , , . 1 58. 94 | 

Ripe pulp.'..... J 62,13 ! 
Very ripe pulp i 6S» 14' ' 

72.29 
72. 26 

75*50 

2 7 - 71 
' 27 - 84 

24 - 50 

! . 0.S9 
.92 

.84 

' -so j 

■■ *47 ! 

i 

1.23 
, I- 17 
1. 10 

; 0.53 

AI.S 4 
i 12. 89 

0. 41 
S' 39 

5-98 

22. 26 
6.34 
.82 


FOUKTH EXPEEIMEHT 

la the fourth experiment lots of bananas of the same initial ripeness 
and taken from the same stem were analyzed successively during ripen- 
ing. The rate of respiration of each lot was determined immediately 
before its analysis. It was thus possible to correlate the chemical 
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changes with the changes in rate of respiration. The results show.that the 
most rapid starch hydrolysis occurs at the time when the' respiration 
rate is greatest. The following is a detailed account of the work. 

The fruits from a large bunch of green bananas w’-ere cut from the 
stem by first, cutting off the “hands” and then separating the individual 
fruits, finally removing from each fruit the small piece of adhering stem, 
cutting where the stem was most constricted, as in sampling bananas in 
previous studies. A few drops of sticky, turbid juice oozed from each 
banana, and care was taken not to allow the fruit surfaces to become 
wet with it. Fruits from the inside and the outside of each “hand” 
w^ere divided as evenly as practicable into nine different lots, each lot 
receiving fruits from all parts of the bunch, and consisting of from 
13 to 17 fruits. The lots were weighed and placed in the humidity 
chamber on the afternoon of May i. The analysis of the first lot was 
made upon the afternoon of the following day, immediately after the 
determination of its respiratory actmty. The remaining lots were 
successively analyzed at intervals of from one to three days, except the' 
ninth lot, which was kept longest, and spoiled. See Table V. 


Tabl]^ V . — Composition of detached ba-iianas during ripening in the humidity chamhet 

COMPOSITION EXPRBSSTSD IN TERMS OP PERCENTAGES OP PESE AND PULP OP THE BANANAS BEFORE ANT> 

AFTER RIPENING 




Inter- 
val in 
humid- 
ity 

cham- 

ber. 

Doss in 
weight 
in hu- 
midity 
cham- 
ber. 

Percent- 
age of 
w’hole 
fruit. 

, Composition of peel or ptalp. 

Date. 

Part of fruit. 

i 

Water. 

Solids. 

Alco- 
hol-in- 
soluble 
■ solids. 

Total 

sugar 

as 

invert. 

; Starch. 

1912. 
May 2 

PEEL. 

Green bananas .1 

Days, i 
I 1 

1.66 

38. 22 

89. 46 

10. 54 

1 ^ 

6.83 

1. 39 ,1 

3. 28 

3 

SHgiitly yellowing bananas . 

2 .’ 

2*47 : 

37 - 54 

88.61 

XI* 39 

8. 52 ' 

2.26 

2.93 

4 


3 

3-67 

35 - 42 

. 88. 64 

IJ. 36 

6.1S i 

3.91 ; 

2. ir 

6 

|. Yellow bananas. .... 

S 

6.4S 

32*57 

86.84 

13. 16 

6.09 

■ 3 - 64 ": 

1.63 

8 

.do 

7 ' 

7.83 

30. 88 

85.90 

14. I'O 1 

6.67 'i 

3-89 


' 10 

do 

9 

8-39 

29 * 36 

Ss* 08 

14 - 92 

7*oS 

3. 98 

X.82 



12 

10. 56 

27- 95 

S4.2S 

IS- 75 

7-57 

4-07 

'■1,88 

16 

Brown bananas. 

XS' 

11.32 

36. 26 

83.32 

x6. 68 

';,8.X2 

4.38 , 

' 1.S4 

2 

PULP. 

Green bananas 

I 

1.66 

61. 77' 

72 * 47 

27-53 

21.95 

4*35 

19. 01 

3 

Slightly yellowing bananas. 

2 

2.47 

62.45 

72.37 

27.63 

16. 46 

9.6s,: 

13.96' 

4 

do 

3 

3 * 67 

64. S8 

72.44 

1 27. 56 

xr,Q4 

15.00 i 

, , .8.62' 

6 

Yellow bananas 

S 

6.48 

67. 42 

73.26 

26.74, 

5. 82 

19-65 

3.66 

S 

do 

' 

7*83 
8. 39 

€9. 12 
70*65 

73*45 

74*63 

26.'SS 
2 S -37 1 

3.89 ! 
3*13 j 

20. oS 

1*73 

' I. IS 

xo 

do 

9 

20. 61 

X 3 


S2 

10. s6 

72 * 05 

75 * 72 

24.28 ; 

2.88 

.20. 05, ^ 

*87 

16 

Brown bananas 

25 

11.32 

73 * 74 i 

77-02 

22.98' : 

3*17 

■iS. 21 

I. ox 


COMPOSITION EXPRESSED IN .TERMS OF PERCENTAGE OP THE WHOLE, GREEN BANANAS 



PEEL. 









May 2 

Green bananas 

1 

1,66 

37 - 59 

33-63 

3-96 

. 

2-57 

0. S3 

1.33 

3 

Slightly yellowing 'bananas. 

2 

■ 2.47. 

36. 61 

■ 32.44' 

4.17 

3*12 

.So' 

r. 07 

4 

.....do ..... 

3 

3 - 67 

34-11 

30. 23 

3-S8 

2. II 

•99 

•',72 

6 

Yellow bananas. . 

5 

6. 48 

30, 46 

,, 26 . 45 ' 

4 - 01 

',.1.86,.., 

I. 'II .1 

.', 50 .' 

■ & 


■ ' ■ ■? 

7.85 

2S. 46 

' ■ 24-45 'i 

" 4.OI' 

"'1. 90 

l.XX j 

.43 

10 


9 

8 . 39 

a6. 90 

,22.89 

/ 4.01 

1.. 90', 

'.I., 07" 

-49 

13 


' 12 ■ 

10.56 

25*00 ^ 

21.06 

3-94 

,' 'I.89 


-.47.'. 

,i6' 

Brown bananas.. ■ 

. . ' is ; 

IX, 3a i 

' '' 23 * 29 

19*40 

' 3 *'% '. 

' 1.89 '' 

; '.'i.'Oa,' 

-43 
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Table W—Composiiion oj-delached haiianas during ripening in the Immidity chamber — 

Continued 

COMrOSlTION EXPRESSED IN' lEKMS OP PERCENTAGE OE THE WHOLE GREBN BANANAS coatiaueci 




Inter- 

Boss in 
weight 
in hu- 
midity 
cham- 
ber. 

Percent- 
age of 
w^hole 
fruit. 

Composition of pee! or pulp. 

Bate. 

Fart of i'mit. 

val in 
linmid- 
ity 

cham- 

ber. 

W'ater. 

Solids. 

AIco- 

hoi-in- 

soliible 

solids. 

Total 

sugar 

as 

invert. 

vStarch. 

May '2 

. 

PUIP. 

Green bananas. 

'! 'Slightly yellowing baii.aiias. 

Days. 

I 

. 2 

1. 66 
. 2.47 

3. 67 

60. 74 
60, 91 
62. 21 i 

44*02 

44. oS 
4 S* 06 

16. 72 
16.83 
17. IS 

13-33 
10. 03 
6. 87 

2. 63 
5. 83 
9-33 ! 

II - 55 
8. so 
! , 5-36 

1 2.32 

4 

6 

t Yellow bananas 

5 

S 

6.48 

63.03 ' 

46. 19 

16.86 

3-67 

12.39 ' 

S 

1,C 

! . . do j 

7 

7 - 83 

63. 70 

46. 79 

16.91 

2.48 

12. 79 j 

I 1. 10 


9 

8*39 

64. 72 

48.30 

16.42 

2.03 

13-34 

i ■■74 

■'3 

16 

1 . . . . . do 

12 

10. 56 

64* 44 

48* 79 

15-65 

1. 86 * 

12.91 

■56 

I Brown bananas. 

IS 

11.32 

6S- 39 

SO. 36 

15-03 

2. 07 

11. gr 

.6s 




In order to determine correctly the respiration rate at intervals on 
lipeningj it was necessary to collect the carbon dioxid evolved during 
relatively short periods. 

The bananas were placed in a tubulated desiccator,, kept in the dark 
at '20^ C., and a rapid current of air passed through. The air was first 
freed from carbon dioxid by passing it through aTong' wide glass' tube 
filled with soda lime. The carbon dioxid evolved by the bananas wras' 
collected by drawing the air from - the desiccator through a Reiset scrub- 
bing tube containing soda solution. The Winkler method of titration of 
the absorbed carbon dio,xid was employed. 

In. operating the flask of the Reiset apparatus was charged with a 
mixture of 500 c. c. of distilled water and 100 c. c. of an approximately 
normal solution of sodium hydroxid. The distilled %vater had pre%dously 
been well aerated to remove carbon dioxid, and the titer of the soda 
solution (after addition of barium chlorid to precipitate carbonates) was 
■know’ll.' After mixing, the Reiset tube was inserted, connection made 
with the desiccator containing the bananas, and suction applied. ■ After 
absorption,' the contents of the Reiset apparatus were washed into a large^ 
precipitating jar with aerated distilled w’-ater, excess' of barium ' chlorid 
added, and the solution titrated with normal hydrochloric acid, using 
pheiiolphthalein as indicator. Each cubic centimeter of normal alkali con- 
sumed equals 0.022 gni. of carbon dioxid. In titrating it ivas' necessary 
to admit the acid under the surface of the solution and stir well to avoid 
escape of, carbon dioxid freed by local momentary excess of acid, ■ As, the 
amounts of carbon,, dioxid expected' 'were approximately known it, was 
found convenient tO' use a slight excess of solution of barium' chlorid ,of 
such' strength that each cubic centimeter decomposes i c.' c. of . normal 
so,dium carbO'tiate.^ 

" ;Tead, tubes" .'were (used in kading .the air to'„ and, 'from, -the:: d'esiceator.' 
The ait entered it,,nea,r' the topand'was withdrawn from, :near,''th'e''bO'tt^^ 

J a cnUeisra of vo!iiia,etnc uictijods ,of esdaratiw' oi carbon ■<3ioxid, 'Kiister (r s). , ,■ 
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At the start of each experiment a' current of carbon-dioxid-free air was 
led through the desiccator for about half an hour at the rate of from i to 
2 liters per minute, this interval constituting a fore period, during which 
the carbon dioxid was not collected.. The, absorber was then inserted in 
the train and the air , passed through at the same rate as during the fore 
period. A water gauge inserted between the desiccator and the Reiset 
tube served to indicate' the relative rate' of flow. After an interval' of 
from one'tO' two hours the absorption, apparatus was replaced by a freshly 
filled' Reiset tube and the carbon -dioxid' collected for a second interval 
The rate '-of , respiration ■ was thus determined during two successive 
intervals. In general, well-agreeing- duplicates were obtained. - 
The figures shomng the results of the study of the rate of respiration 
are given in Table VI'. At the beginning the bananas were just on t-he 
point of turning yellow and were much more active (106 mg. of carbon 
dioxid per kg. hour) than the green fruit used in the calorimeter studies ' 
(30' mg. and '30 mg., respectively). The respiration was most intense 
(1,4.6 mg. per kg. hour) when the rate of transformation of starch was 
greatest. . It then slowly slackened, reaching at the end 91 mg, per kg. 
hour.® As the rate of respiration of each sample analyzed was deter- 
mined immediately before its analysis, the total amount of carbon, dioxid 
evolved during the ripening period, 3.776 per cent of the original bananas, 
was easily estimated by a summation process from the data given in 
Table VL 


TAsrn VI . — Rate of respiration of detached bananas ripening in the humidity chamber 








1 


Inter- 

Aver- 









val ' 

age rate 



Hum- 

Origh 

Carbon 

dioxid 

col- 

lected. 

Inter- 

vals 

for 

which 

col- 

lected. 

i 

Respi- 

Aver- 

age 

from 
middle 
of one- 

of res- 
pimtion 
from 

Date. 

Description. 

ber of 

nal 

ration 

respi- 

coliec- 

middle 



fruits. 

weight. 

rate. 6 

ration 

tioa 

of' one 






raters' 

perio'd. 

period' 


1 






to mid- 

to mid- 




. 





-die of 

,dle of 









next. 

next.6 




Gm. 

Gm~ 

Hours. 

Gm. 

Gm, 

Hours, 

Gm. 

May 2 

WTiolly gr^, but on the 

} 

2,410 

/0.3344 

r* 33 

'0. ro4 

j* 0. 106 

) 


3 

point of ,tuni.mg yellow. . . 
Bananas just beginning to 

1 . 4 S 7 d 
/- 464 

1 ‘656 

I. 7 S 

-xoS 

'.-X 4 S 
: • X 47 - 

'f ,', a '4 

: 0. ia'6 



■14S] 

turn yellow, sample ripen- 
ing unif ormtiy ............ 

■ xs 

2 ,S.S 3 

I- 25 

I* 7 S 

1 


4 

Fruit yellower than, on day 



/ -837 
\ *609 : 

: ' 2. 50 
X. 92 

! . 136 

1 *139 


' 24 

. 142' 


previous, much green -"Still 
present 

• ■ i 4 

2,So6 

1 48 

1 

\ 48 

.XX3,, 

*'.108' 

6 

Fully yellowed, but. many 
specimens are green at 
the tips ..... 

X 3 ' 

2,300 i 

/ -337 
1-675 

X-.2S 
- 2*53 

•117 
. 1x6 


' s 

Fully- -yellowed 

1.6 

2,83s 

/•S26 

\ -’353 

- ' r. 70 

. 109 

i>, .rioj 



' X. 12 

, , tii 


10 

Fruits beginning to brown - 

} 17 

2,919 

/ -453 

1.47 

-. 106 

1 ".io6| 


13 

slightly at the surfaces- 

Skins- brown, much yellow 

1 .383 

I. 25 

'.-IDS' - 


70 

' . 104,-, 



still present. ............. 


c 3, 520 

•403 

2-00 

. ror- 

'. loxj 

1 


16 

Sld[.iis ' almost, entirely 

.091 

} 74 

- .096 


brown, a little yellow 
present at ribs ? 

! 


i *374 

1*376 

1.78 
I. 78, 

. 09X 
-09-t 






1 






a In the two calorimeter studies the respiration rate of the bananas reached maxima -of 150 and 200,, mg- ,-per' 
kg'., hour, respectively, and the respiratory activities at the:-e£Kl were.-, no- and loorng. per, kg. -hour, respec*- 
tively. . , * ' 

& Grams carbon dioxid per kg. per hour. 

Wdght "used in ''C^ciilatin,g was i ,'990 gm.* 'three frtdts having 'been rejected whose weight 
the ■ original weight- was subtracted from . the 'original weight of the sample. 

-«*Wei^t„ttsed, in 'calculating was 5.3x0 gm';,, one. 'fruit', having been rejected, its weight calculated to 
orig'inal and subtracted. , , - 
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The analytical data are given in Table V. The study of the detached 
fruit permitted a longer period of observation than when bananas 
attached to the stem were used. The rate of transformatioii of starch 
into soluble carbohydrates was very rapid at first— 32.11 gm. per kg. 
per day. It then increased to 34.9 gm. per kg. per day. Starch hydrol- 
ysis, so far as revealed by analysis, nearly ceased six days before the 
end of the life history of the bananas. The aiial5Tical data confirm the 
facts developed in the earlier experiments. 

DISCUSSION OF RESULTS 

As tlie result of the foregoing- studies, the author is in a position to 
state more exactly than has heretofore been possible the nature and 
extent of the changes in the composition of bananas during ripening. 
The most conspicuous change is the long-recognized conversion of starch 
into sugars. It is most rapid while the fruits are turning from green to 
yellow. During this period the respiration rate increases manyfold, 
becoming greatest at the time 'ivhen the rate of starch hydrolysis is most 
rapid. Starch hydrolysis then gradually slackens, later ceasing alto- 
gether. The respiration rate, too, becomes slower, but still remains far 
more active than in the green fruit. Next to the starch and respiration 
changes, most conspicuous are those of water. The peel loses, while 
the pulp gains water steadily. The respective losses and gains in water 
of the peel and the pulp on ripening, expressed in terms of the original 
green bananas,, are summarized in Table VII. 

TabliS 'Vll.'—Perceiifmje of losses and gains in 'water of peel and ptdp of bananas on 

ripening 


Experi" 

meiit. 

No. 

. 1 

Place of ripening. 

Boss of 
water in 
peel. 

Actual 
gain of 
water in 
pulp. 

Gain of water 
in pulp cor- 
rected for water 
formed and 
absorbed in 
physiological 
processes. 

I ' 

Calorinieter 

5. 01 
10, 45 
12. 26 

I. 64 
3.02 1 
3 - 52 i 
3*94 

451 

2.4 

3 - 5 

2 .... . 

..... do. 

* 

Htunidity cliainber 



r 11.59 

I 12. 12 


A 

firv 




1 11.64 

1 14-23 

4.63 

6.34 




6. 13s 


. In the ,fi,rst, second, and fourth experiments it is possible to show how 
much water is formed or absorbed by the pulp in physiological processes. 
The water formed in .respiration can easily', be calculated if formed, in 
conseqtieiice of . the complete combustion of carbohydrates and if the 
amount of carbon dioxid evolved on ripening in consequence': of this com- 
bustion is /'.known.' ; The respiratory quotient and' the thermal quo- 
tient; 'deteiiianed. by ','tlie Office of .Nutrition/Tnvestigatioiis for ' .ripening 
'bananas (16) .agree in showing, that, .the ‘carbon dioxid 'evolved 'On 'normal 
ripening .is .due soleljy to ''.the .complete .’combustion,'.' of ■■.carbohydrates. 
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We are therefore justified in calculating the water formed by the equa- 
tion +602= dCO^-fdHgO. From the water so formed, is sub- 

tracted the water absorbed in the saccharification of starch. See Table 
VIII. 

Tab^U VIII . — Percentage of water formed hy ike pulp of bananas in physiological 

processes 


' Experi- 
sneat No. 

Carbon 

dioxid 

found. 

Calculated 

water 

formed from 
equation I. 

Loss of carbohydrate 
found on ripening in — a 

Calculated water propor- 
tioned according to car- 
bohydrate loss in— 

Calculated 
water ab- 
sorbed in 
pulp in 
starch' 
hydrolysis. 

Peel. 1 

Pulp. 

! 

Peel. 1 

Pulp, 

I 

r 334 

0. 546 

0. 46 j 

0.88 

!” 

0. 188 ! 

0-358 

1 ■ 

I. 14 

2 

2. 256 

.923 

.41 i 

I . '43 

• 205 i 

. 718 

! I. 23 ' 

4 - • 

3-776 

I- 545 

.40! 

2. 84 

. 190 1 

I- 3 SS 

1 I. 16 

j 


a Probably slightly larger than actual on account of failure to completely estimate maltose. See p. iSg. 


In the first two experiments absorption of water amounting' to 0.782 
and 0.512 per cent occurred as a net result of respiration and starch 
hydrolysis. In the fourth experiment, where the bananas became over- 
ripe, the water formed in respiration rvas greater by 0.195 per cent than 
that absorbed in starch hydrolysis. 

The increases of water in the pulp during ripening are all derived from 
the peel, except when bananas become overripe, when the water formed^ 
in respiration may more than balance the water absorbed in starch 
hydrolysis. ' From the quantity of sugar formed in the pulp it is evident 
that the osmotic pressure of the pulp must undergo a marked increase, 
with a corresponding decrease of vapor pressure, during the ripening of ' 
the fruit. A possible operating cause of the water transfer from peel to 
pulp is obvious. 

Trom a knowledge of the carbon dioxid formed in respiration and know- 
ing from the calorimeter data that carbon dioxid results from the com- 
plete combustion of carbohydrates, it can be' determined whether or not 
the carbohydrates consumed in respiration were accurately made known 
irotii the analyses. Carbohydrate losses .found "by analysis contrasted 
with the expected losses from the -calorimeter data are shown in Table, IX, 

TablB IX. — Comparison of carbohydrate losses with the expected losses from carbon dioxid 
in pulp of ripening ba/ianas 


Carbohydrate losses 
found (expressed 
as hexose). 

Expected losses 

from carbon di- 
■oxid formed in 
respiration. 

Per cent. 1 

1- 34 ! 
1.84 

■3.24 ^ 

Per cent. 

0. 91 
■ B 54 

3.58 
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By analysis somewliat greater losses appear than indicated from the 
caio-riiiieter data. It is not improbable that the small differences are 
dtie to analytical error. 

SUMMARY 

t'l) The usual carbohydrate changes — saccharification of starchy with 
formation of sucrose and invert sugar^ and consumption of sugars in 
respiration — ^proceeded with uniformity in bananas of different bunches. 

(2) The period of most rapid respiration corresponded closely with that 
of most rapid starch hydrolysis. 

(3) The quantities of ash, protein, and ether extract underwent but 
slight changes during the ripening of the bananas. Pentosans decreased 
markedly in the pulp, but remained little changed in the peel. 

(4) Analyses of the peel and pulp of ripening bananas showed a steady 
transfer of water from peel to pulp during ripening. 
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ASSIMILATION OF COLLOIDAL IRON BY RICE 


By P. GilE, Chemist, and J. O. Carreeo, Assistant Chemist, Porto Rico Agricuh 

tural Experiment Station 

INTRODUCTION 

PreYious work ^ at the Porto Rico Agricultural Experiment Station has 
shown that pineapples and upland rice grown on moderately or strongly 
calcareous soils are affected with chlorosis and that the failure of these 
plants to make a successful growth on such soils seems to be due wholly 
or in part to a diminished assimilation of iron. A determination of the 
forms of iron available to rice is therefore important. An experiment on, 
the assimilation of colloidal iron is reported here, as it bears on this prob- 
lem as well as on the properties of plant roots. 

MATERIALS AND METHODS OF THE EXPERIMENT 

The availability of colloidal iron was compared with that of ferric 
chlorid by growing upland rice in a nutrient solution. Water cultures 
were used in this work, as it is impossible to tell in what form the iron 
may be present in soil cultures. To prevent precipitation of the colloidal 
iron by other salts of the nutrient solution the iron was put in one flask 
(flask B) and the other salts in a second flask (flask A). The plants were 
grown with part of their roots in each flask. 

The seeds were germinated over distilled water until they had de- 
veloped two‘ or more roots. Two plants were grown in each pair of flasks. 
Two hundred c. c. Erlenineyer flasks of Jena glass with their necks 
joined together by surgeon’s tape were used. The formula for the 
nutrient solution used in flasks A, which gave excellent results with rice 
in previous work, w^as as follow^s: 

KNO3 o. ioi7gm. CaCls- - o. 05 gm. 

KH2PO4 . 0714 gm. MgCIg. . 05 gm. 

NaNOa ' — .■ . 2143 gm. H2SO4 .'5 c. c, N/io. 

Na2S04 .o3i5 gm. Distilled water, 1,000 c. ,c. 

The plants were changed to fresh solutions every few days. 

The colloidal iron used was the ordinary, dialyzed' iron. , It, contained 
0.0383 gm. of Ee and 0.0058 gm. of CI2 per c.'c. After salting out the 
colloidal iron with potassium sulphate, the filtrate was examined and 
found to contain the following, calculated as grams per c. c. of the original 
dialyzed iron: CI3, 0.00436 gm. ; Fe, hardly a reaction -with potassiuin 

1 Gile, P. n. Relation of calcareous soils to pineapple chlorosis. ■ Porto 'Rico Agr, Exp. Sta. Bu!.^ ir,' 
45 pi-j ^91^' 

Gile, P. L., and'Agetoii. C. N. The effect of strongly calcareous soils on, the growth and a.sh, composition 
of certain plants. Porto.Rico Agr. Exp, Sta. BuL 16, 45,p., 4pL, 1914. 
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siilpiiocyanate; acidity, equivalent to 0.002 gm. of Clg from hydro- 
chloric acid; ammonia, none with Nessler's reagent. The dialyzed-iron 
preparation after dilution was dialyzed for 24 hours with a parchment 
membrane without any iron appearing in the dialyzate. 

While no soluble or ionized iron appeared in these tests we must assume 
that some existed in the dialyzed-iron preparation because oT'the high 
chlorin content. The nonappearance of iron in the dialyzate after dialysis 
and ill the filtrate after salting out the iron was probably due to adsorption 
by the colloid or precipitate and to the strong hydrol3"sis that dilute ferric 
chlorid undergoes.^ Trom the chlorin content it appears that about one- 
twelfth of the iron could have been present as ferric chlorid, but we can 
hardly assume that it was there as such or that a certain quantit\^ of 
ferric chlorid in a colloidal-iron solution would act the same as^ in a simple 
aqueous solution. We can simply assume that the soluble iron bore some 
proportion to the quantity of chlorin. In the following tests, then, a low 
availability of the dialyzed-iron preparation is not proof of the assimila- 
tion of colloidal iron. 

RESULTS OF EXPERIMENTS 

Experiment I. — In a preliminary test the plants w^ere grown for 42 
days. The dialyzed iron was used at the rate of 10.5 parts of Fe per 
100,000 parts of water for the first 10 days and at the rate of 1.05 parts 
of Fe per ,100,000 for the remaining .32 days. The ferric chlorid w^as used 
at the rate of 0.41 part of Fe per 100,000. The results are given in 
Table I. . 


Table I. — Growth of rice with dialyzed iron and ferric chlorid — Experiment I 


Xos, 

of 

flasks. 

,Soiution in flask,s A. 

■ 

1 

1 Solution in flasks B. 

1 

Green 
weight 
of tops. 

Ouen-diy 
weight 
of tops. 

. 

Gain over 
no-iron 
plants. 

S-S 

9-'! 3 1 

[ N'litrient so,Ititioti without Fe. . . 

1 

. . 1 Distilled water, ' 

Gm. 

1.05 

1 *?:. 2^? 

Gm. 

0. 1 7 

1 ' Gm. 

.do 

. . 1 Dialyzed iron 

. 54 i 

0 

! 

i , . . , . do 

. . : Ferric chlorid i 

O' -c? 
d.. 02 

.67 

' so 

,T -4 

1 Nutrient solution V FeCIs 

. ,| Distilled water 

1 

1 3-82' 

•93 ! 

*1S 


The preparation of dialyzed iron had a certain availability, but rela- 
tively large amounts were less effective than the smaller quantity of 
ferric chlorid. 

; Experiment II.~In a second experiment, the dialyzed' iron and 
ferric chlorid were both used to furnish 0.4 gm. of ,Fe per 100, OOO'. c. ,c. 
of water. The, plants were grown lor 59 days. ' The results, are given 
in Table II. ■ 

^ ,Tliis -was borne out by the following test: To, t c. c. oJ dialyzed iron 0.00275 gm. of Ee from, FeCb was" 
added; Use sohstion ,was made to'ioo c. c. and the colloidal iron salted out by'K 2 S 04 . ' . The filtrate, tested 
lor soltible iron (coloiimetric tnethod, with KSCN),, showed 0.00245 gm., ,of Fe'had been.' lost. , ' Of ,the,^ 
0,00245 gm.'of Ee'lost',o.'Ooos6,gmi., was,lost,byadsorptioa-by thepredpitate. ' Predpitatioaby hydrolysis ■ 
by water alone caused a loss of 0.00025'gm, of Fe, aad hydrolysis In, the, presence of 'K^SO* caused a lossbl',, 
0,00189 gist, of Fe. 
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Tabi^B II. — '^Groii'ik of rice with dialyzed iron and ferric chlor id — Experimeni IT 


Nos. 

of 

flasks. 


Solution in flasks A. 


Solution in flasks B, 


i 


:-4'; Nutrient solution 'with- | Distilled 'water 

I out Fe, ■ 

5-8 I . . . . .do. i 0.4 gm. of Fe per 100,000 

I I c. c. from dialyzed iron. 

9-12 ; do j do 

12-16 1 do. .i do 

17-20 j.....do i 0.4 gm. of Fe per 100,000 

' j I c. c. from FeCls. 

21-24 ) do I do 

25-28 !' do I do 


Green 
weight 
of tops. 

Ovcn-diy’ ' 
■weight 
of tops. 

Average i 
i oven-drj,' i 
•weight 1 
; of tops. ! 

Gain, over 
no-iron 
plants. 

Gm. 

3 - 3 S 

Gjn. 1 
0. 60 : 

j j 

i Gm. 1 
0. 60 i 

Gm. 

4. 41 

1 . 76 



4, S3 

4. 71 
6> 40 

5. 61 
7. §2 

• 79 

I . 78 

! 1. 07 

i 

1 0. iS 

1 1. 05 

i I - 31 

! 


■ 2. 14 

• 54 


In this experiment^ where equivalent and small quantities of iron 
were used, the diaiyzed-iron preparation appeared to have an aA^aila- 
biiity of about three-tenths that of the ferric chlorid. 

Exp^mme^nt hi. — A third series was conducted, using equivalent 
small quantities of iron, ten times this amount of iron from dialyzed iron, 
and twice this quantity of iron from ferric cblorid. The results are 
given in Table III. 

Table III, — Growth of rice with dialyzed iron and ferric chlorkl — Expermieni III 


Nos. 

of 

flasks. 


2-5 

(r-io 

31-15 

16-20, 

si-as 

,26-30 

3I-3.S 

36-40 

4^-45 

46-50 

5^-55 

56-60 


Solution in flasks A. 

Solution in flasks B. 

Nutrient solution 
■without Fe. 
....do...... 


..... do 

do. 

Fe from dialyzed iron, 
0.4 gm. per iqo,oooc.c. 

do 

. .do. . . . r . ' ..... 

do 

do 

do. 

Fe from FeCla, 0.4 gm. 

per 100.000 c. c. 

. .. . .do. 

. . . .do. 

.... .do. 

Fe from FeCla, 0.8 gm. 

per 100,000 c. c. 

. ... .do 

d,n ... 

Nutrient solution 
+FeCl3. 

..... .do 

Distilled tvater ’ 

.... .do. 


j" 


Green 
■weight 
of tops. 


Gin. 

3*93 

3*47 

4-35 

.3* 7S 
8. 78 
5*77 
5*51 

6.69 
8, 90 

9. 02 
27* 93 

20.03 


f 


Oven- i 
dry 1 
weight ! 
of tops. 

Aver- 1 
age 1 
oven- } 

i 

weight '1 
of tops.! 

Gain 

over 

no-iron 

plants. 

1 

Aver- 

age 

oven- 

■weight 

J of roots 
in flasks 
A. 

Aver- 
, age 
oven- 
dry 
"Weight 
of roots 
iin flasks 
B. 

Gm, 

0*73 

• 69 

I, 06 

Gm. \ 

Gm-. 

Gm. 

Gm, 



0 . 144 

0.05s 



•93 
2 * 55 
: ' 1.05 
1. 00 

t.oo 

0. 29 

,201 

•rrS 

1,30 

•59 

» 2,12 

.194" 

' 1 . 34 

1. 57 

1. 12 

,41 

. 217 

,,*077 

I*ss 

2.8x 

: ' , 1 

X.56 

1 ,‘83 

. 170 

'*x ,74 

; 3*13 

2.97 

2. 26 

• SIX 

' • 190 


Tlasks Nos, 26 to 30 did not agree well with Nos. 21 to 25, so, it is 
possible that the average of 1-30 gm. is too low. It is apparent from^ 
the, preceding tests that the dialyzed iron was much less available than 
the ferric cMorid. On the basis of the Ee content, the dialyzed iron had,,' 
to be present in at least' five times the amount ,of ferric 'Chlorid to produce 
the same yield, 

The percentages of iron in the dry substance o,f the tops was deter- 
mined in the plants from^ Experiment HI. ■ The percentages' :varied from 
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0.035 to 0.037 cent of Fe^Og. Since the samples were small, it is felt 
that the figures merely show that practically the same percentages of iron 
were present in all the plants. Thus, the quantities of iron in the different 
lots of plants would vary as their dry weights. 

In all the experiments the plants which received no iron in either flasks A 
orfiasks B were strongly chlorotic, the chlorosis conmieiiciiig about 6 to 10 
days after the plants were put in the solutions. The plants receiving dia- 
lyzed iron or ferric chlorid in flasks B were also strongly chlorotic, 
although they were somewhat greener than the check plants without any 
iron, and the chlorosis was later in appearing. The plants which had' the 
ferric chlorid added to the other nutrient salts in fl-asks A were of a normal 
green color. 

The root deA^elopment varied greatly in the different flasks. In all 
the flasks A which contained the complete nutrient solution without iron 
the root development was good, the main roots being long, with numerous 
long laterals. The roots in flasks B which contained only distilled water 
made very little growth and had few laterals. The roots in flasks B 
which contained only ferric chlorid made even less growth than those in 
distilled water. As soon as the roots penetrated the ferric-chlorid solu- 
tion, the root tip appeared killed and no roots penetrated the solution 
for. any distance. The roots in flasks B which contained dialyzed iron 
deA^-eloped much better than in distilled water. During the latter stages 
of growth particularly a few heavy roots developed in the dialyzed iron, 
but these roots carried very few laterals. The oven-dry weights of the 
roots in flasks B given in Table III do not really give a comparison of the 
root developments in the solutions, for the reason that the weights of the 
roots in flasks B, Nos. 31-60, were made up chiefly of root “stubs”— 
heavy roots which started out from the plants but did not develop in the 
distilled water or ferric-chlorid solution. The larger the top growth, de- 
pendent on the amount of iron obtained, the more root “stubs” devel- 
oped, For instance, flasks B, Nos, 41-46 and Nos. 36-50, had 0.174 
of roots, while Nos. 31-35 and Nos. 36-40 liad but 0.077 gm, of roots. 
As a matter of fact, the root development in the solution was less in tlie.' 
first case than in the second. 

DISCUSvSION OF RESULTS 

, " The poor development of the roots in the flasks B was, of course, due to 
the' well-established toxicity of ' unbalanced solutions— iii' this case of 
single salts or distilled water.^. Because of the injury resulting from the 
iron solutions, it is' impossible to draw a very sharp conclusion concerning 
the assimilation of colloidal iron. Although' thenoots developed' better in 

True iiolds the iujury 'from ordinary distilled water :‘'fout a special case of the general type' of ia|wry 
wrought: on 'cells' by 'unbalanced .solutions.’*— True*:' B... H. .. The harmful action of ,4isti'IIed .water. ., in 
'.S'cience* n. 'S.*.,y..:39»'.»o. 999»',P'.".a!'9S‘ ■ r9i4*, . . 



Bee. 15, 191:4 


Assimilation of Colloidal Iron by Rice 


209 


the dialyzed iron than in the ferric chlorid/ they assimilated less irony 
even in solutions containing three to five times more dialyzed iron than 
ferric chlorid. It seems probable that the small amount of iron obtained 
from the dialyzed iron was not colloidal iron but soluble iron. It is true 
that the tests made of the dialyzed-iron preparation revealed little or no 
ionized iron, but we must assume the presence of some soluble iron from 
the chlorin content of the preparation. 

In view of the low availability of the dialyzed-iron solution it , would 
seem that the often-mentioned but questionable acid excretion of roots 
was not operative, at least not in this unbalanced solution. With respect 
to fineness of division and contact with the roots the colloidal iron was 
especially favorable for assimilation by an acid if the roots had excreted 
such. An apparent objection to the conclusion that colloidal iron is not 
assimilable is the fact that dialyzed iron is sometimes used in nutrient 
solutions and that in Von Crone's nutrient solution ferric phosphate is 
employed. In such solutions, however, it is not at all certain that the 
plants utilize insoluble iron compounds. In fact, from further work in 
progress it appears that rice at least is capable of assimilating only solu- 
ble iron in nutrient solutions. 

Aside from the question of the assimilation of colloidal iron, the pre» 
ceding test is of interest in connection with the study of unbalanced solu- 
tions. The fact that while some roots of the plant were developing well 
in the balanced solution of the flasks A other roots of the same plant 
were injured by the distilled water or ferric chlorid of the flasks B shows 
that in case the toxicity of certain salt solutions or ordinary distilled 
water is due to injury in the root cells by extraction of other electro- 
lytes,^ this extraction takes place faster than the electrolytes can be 
supplied, from other parts of the plant. For in this case the roots in' 
flasks A had an abundance of the electrolytes to draw on. 

The idea that the toxicity of single-salt solutions is due to or accom-' 
panied by the penetration of the. salts finds confirmation in the preced-' 
ing experiments. Tt is evident from -Experiment III that the stronger, 
the ferric chlorid solution the less the root development in the solution, but 
the greater the amount of iron absorbed (as shown by the top growth,: 
which was ■ depehlent on' iron absorbed) . Osterhout ^ has ' shown ,by 
electrical conductivity measurement that single-salt solutions penetrate 
cells of the kelp, Eaminaria. 

^ TIae reduction of the to}cicity of distilled water by colloids and finely divided solids' has been frequently 
noted. 

2Trtie, R. H. Boc. cit 

3 Osterhout, W. J. V. The permeability of 'protoplasm to ions and the theory of ■ antagonisms. ' In 
Science, n. s., v. 3S» 890, p. rsjia. 
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SUMMARY 

The work reported would seem to show that rice can not assimilate 
colloidal iron,. It is believed that the iron obtained from the dialyzed- 
iron preparation was soluble iron. 

It is apparent that the toxicity of ordinary distilled water or ferric- 
chlorid solutions for plant roots can not be overcome by supplying other 
roots of the same plant with a balanced solution. 

The toxicity of the ferric-'Clilorid solution was accompanied by the 
penetration of iron into the root and transportation to the leaves. 



COLORING MATTER OF RAW AND COOKED 

SALTED MEATS 


By Ralph Hoaglanb, 

Lahmaiory Inspector, Biockemic Division, Bureau of Animal Industry 

INTRODUCTION 

The red color, of fresh lean meat, such as beef, pork, and mutton, is 
due to the presence of oxyhemoglobin, a part of which is one of the con- 
stituents of the blood remaining in the tissues, while the remainder is a 
normal constituent of the muscles. When fresh meat is cooked or is 
cured by sodium chlorid, the red color changes to brown, owing to the 
breaking down of the, oxyhemoglobin into the two constituents, hematiti, 
the coloring group, and the proteid, globin. 

On the other hand, when fresh meat is cured by means of a mixture 
of sodium chlorid and a small proportion of potassium nitrate, or salt- 
peter, either as a dry mixture or in the form of a pickle, the red color of 
the fresh meat is not destroyed during the curing process, the finished 
product having practically the same color as the fresh meat. Neither 
is the red color destroyed on cooking, but rather is intensified. 

The practical value of saltpeter in the curing of meats is so well known 
that its use for this purpose may be said to have become practically uni- 
versal; such use is not confined to the commercial meat-packing industry, 
but it is used in the home curing of meats as well. 

It is only within comparatively recent years, however, that anything 
very definite has been known concerning the nature of the color of salted 
meats or the process of the color formation. The work which is reported 
in this paper was undertaken for the purpose of obtaining more complete 
information concerning the color of raw and cooked salted meats. 

HLSTORICAb SUMMARY 

Weller and Riegel (1397),^ in the examination of a number of samples 
of American sausages, obtained a red coloring matter on extracting the 
samples with alcohol and other solvents, which color they concluded to 
be in some iiianner due To the action of the salts used in, curing upon the ' 
natural color of the meat. On account of , similarity of 'spectra, this 
color was considered to be methemoglobin. 

Lehmann (1899) observed that when fresh meat was boiled in water 
containing nitrites and free acid or in old meat broth the surface of the', 
meat turned bright red in color, in contrast to the brown color which' 
fresh meat takes, on when boiled in water, free from nitrites. The addi- 

' i Bibliographic citaUous in xwentheses refer to "Literature cited.” p. 235 .' 

,lVol,ra,/Ko,.''3''' 
Dec. rs," 1914 ' '',1 
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tioii of nitrates to the water did not cause the production of the red color 
on the surface of the meat on boiling. This color was found to be soluble 
ill alcohol and ether and to give a spectrum showing an absorption band 
Just at the right of the D line, and a second band, often poorly defined, 
at the left of the E line. On standing, the color of the sokition changed 
to brown and gave the spectrum of alkaline hematin. 

A color with similar properties was obtained on extracting hams and 
various kinds of sausages with alcohol and other solvents. The autlior 
named this coloring matter ''hsemorrhodin.’' 

Kisskalt (1899) studied the production of red color in fresh meats on 
cooking and found that this color appeared when meat was cooked in 
bouillon which was several days old, or in water containing nitrites and 
free acicL Meat boiled in water to which saltpeter had been added did not 
take on the red color; but, on the other hand, if the meat was first allowed 
to stand several days in contact with saltpeter and then boiled, the red 
color appeared, 

Haldane (1901) made an extensive study of the color of cooked salted 
meat, which color he concluded to be due to the presence of the nitiic- 
oxid hemochromogen resulting from the reduction of the coloring mat- 
ter of the uncooked meat, or nitric-oxid hemoglobin (NOdiemoglobin). 
This color was found to be the same as that resulting from the boiling of 
fresh meat in water containing nitrites and free acid. It exhibited a 
spectrum showing a distinct band just at the right of the D line and a 
faint band a trifle to the left of the E line. The color was found to be 
soluble in alcohol and in ether and to be quite resistant to the action of 
reducing agents. 

The color of uncooked salted meats was found to be soluble in water 
and gave a spectrum characteristic of NO-liemoglobin. The formation 
of the red color in uncooked salted meats is explained by the action of 
nitrites in the presence of a reducing agent and in the absence of oxygen 
upon hemoglobin, the normal coloring matter of fresli meats, 

Orlow (1903) states that the red color of sausages is due to the action 
upon the color of the fresh' meat of the nitrites resulting from the re- 
duction of the saltpeter used in the process of maniifactiire. ■ 

' The present author (1908) studied the action of saltpeter upon the' 
color of meat' and found that the value of this agent in the curing 'of 
meats depends upon its reduction to nitrites and 'nitric oxid, with the 
consequent production of 'NO-hemoglobin, to , which compound the red 
color of salted" meats is due. Saltpeter, as such, was found to have no 
value as, a 'flesh-color preservative, 

Glage (1909) is the author of ' a pamphlet concerning practical' methods 
for 'obtaining the best results' from the, use of saltpeter, in the "curing of 
meats, and .in the manufacture of. sausages. ■ The fact that the.: '.value': of 
saltpeter '.as a flesh-color preservative, .is dependent upon the reduction, of 
the nitrate, to ni'trite is recognized," and directions; ./are.' given for the 
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partial reduction of the saltpeter to' nitrites by heating the dry salt in a 
kettle before it is to be used. It is stated that this partially reduced 
saltpeter is much more efficient in the production of color in the manu- 
facture of sausage than is the untreated saltpeter. 

Humphrey Davy in 1812 (cited by Hermann, 1865) and Hoppe-Seyler 
(1864) noted the action of nitric oxid upon hemoglobin, but it appears 
that Hermann (1865) was the first to furnish us with much information 
as to, the properties of this derivative of hemoglobin. He prepared 
NO-hemoglobin by first passing hydrogen through dog's blood 'until 
spectroscopic examination showed that all of the ox^ffiemoglobin had 
been reduced to hemoglobin, then saturating the b'iood with pure nitric 
oxid prepared from copper and nitric acid, and finally again passing 
hydrogen through the blood to remove all traces of free nitric oxid. It 
was observed that the spectrum of hemoglobin had changed to one 
showing two bands in practically the same position as those of oxyhemo- 
globin. The blood saturated with nitric oxid was found to be darker in 
color than either arterial blood or that saturated with carbon monoxid, 
and on exposure to air or on treatment with ammonium sitlphid it 
proved to be as stable as carbon-monoxid hemoglobin. 

NO-liemoglobin is mentioned but briefly in most of the recent texts on 
physiological or organic chemistry as being a hemoglobin derivative of 
but little practical importance. Abderhalden (1911) and Cohnheim 
(19 1 1 ), however, describe this compound quite fully. 

EXPERIMENTS WITH NO-HEMOCxLOBIN 

The following studies on NO-hemoglobin were conducted by the 
writer. 

Formation,.— Nitric oxid was prepared by treating copper foil with 
concentrated nitric acid, and the production of the gas was carried on 
long enougii to free^ the^ apparatus from higher oxids of nitrogen" before 
conducting gas into the solution of hemoglobin, A simple apparatus 
was arranged so that the sample of blood or of hemoglobin to be treated 
was first saturated with pure, hydrogen, then with nitric . oxid^, and' 
finally again with hydrogen to remove all free nitric, oxid, ' ''Great' care 
was exercised to exclude air from '.the apparatus, since" the presence of 
even a small amou.nt of free oxygen- results" in^ the oxidation of "nitric : 
■oxid' to nitrogen peroxid, with .the. consequent production' of 'nitrous and 
nitric acids, which act upon hemoglobin to form metliemoglobin. 

NO-hemoglobin was prepared, in the manner described ■ above, , both 
from defihrinated blood and from' a solution of oxyhemoglobin prepared 
■by Hoppe-Seyler's method. Tt waS' found, as a rule,' that if a'solutio'B 
of oxyhemoglobin or of defibrinated. blood was treated with' nitriC', oxid, 
with a,ll p,recautions to exclude'.-free oxygen, '"the 'NO-hemoglobin 'usually ■ 
contained a small amount , of , methemoglobin. This ,■ fact ..■ha,s;'-''>,.'beett' 
noticed by, other investigators .and iS''due to the. ,union'';,of;'the,,''to^ 
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bound oxygen of the oxyhemoglobin with the nitric oxid to form nitrogen 
peroxidj wliich^ as has just been noted, acts upon the hemoglobin, to form 
met!ie,mogIobiii. 

vSome of the earlier investigators have found that small C|iiaiitities of 
oxyhemoglobin could be reduced to hemoglobin by means of liydrogeti; 
but it has been the experience of the writer that, when working with a.!iy 
considerable quantity of oxyhemoglobin, practically no reduction took 
place even after passing a current of hydrogen through an oxyhemoglobin 
solution for several hours. In practice it was found best to reduce 
oxyhemoglobin to hemoglobin by means of hydrazin Ii3^drate before 
saturation with nitric oxid. 

Properties.— NO-hemoglobin in concentrated solution has a dark 
cherry-red color; in dilute solutions it has a light cherry-red color, in 
contrast to the bright-red color of oxyhemoglobin or to the purple-red 
color of. hemoglobin in solutions of the same concentration. In solutions 
free from methemoglobin NO-hemoglobin is quite stable, and solutions 
of the compound have been kept in a refrigerated room at 32^ to 35® F. 
for several weeks without apparent change. On boiling a solution of 
NO-hemoglobin a brick-red precipitate is formed, in contrast to the 
dark-brown, precipitate formed on boiling a solution of oxyhemoglobin 
or hemoglobin. 

: NO-hemoglobin shows a characteristic spectrum: consisting of a heavy 
band just at the right of the' D line and a somewhat lighter and wider 
band a trifle to the left of the E line (fig. i). These absorption bands 
occupy practically the same positions as those of oxyhemoglobin, but 
are distinguishable from the latter in solutions of the same concentration 
by lower intensity, less sharply defined edges, and by the fact that md,ien 
a solution of oxyhemoglobin is t.reated with a reducing agent— e. g., 
hydrazin hydrate — the characteristic single broad band of . Iiemoglobiti 
appears, while on . treating a .solution of NO-hemoglobin 'with the , same 
reagent, no reduction takes place and the bands are not alTected. 

NO-hem,ogIobi.ii is^ practically unaffected on treatment with potassium 
ferricyanid in neutral solution, with Stokes's solution (atnmoniacai ferro- 
tartrate), with sodium nitrite, or with hydrazin hydrate, but is grad- 
ually reduced by potassium ferricyanid in acid solution. 

When a solution, of ' NO-hemoglobin is treated with ether in the pres- 
ence of a small quantity of alcohol or of dilute acid, a bright-red colored' 
extract is obtained which shows a distinct absorption band just at the 
right of the .D line, and occasionally,' in concentrated,, solution, a' faint 
band .at .'.the left, of the E, line. In the 'absence of acid or alcohol, no 
color is extracted b}? ether. ,In ,a previous paper, the writer considered" 
that the color extracted under the above conditions was NO-heinoglobiii', 
but from work which lie has done' since, that time it' is evid'Cnt that, the. 
color ''extracted by ether is n' derivative of NO-hemoglobin, . produced 
apparently by the reducing action of the alco'hol' or add,'UpO'n' tli'e.',NO- 
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Fig. I.— Spectra of hemoglobin, and some of its derivatives: il.absoiptionspectriimof a solution of oxyhe- 
moglobin; B, absorption spectrum of a solution of ISfO-heraoglobin; C, absorption spectrum of a solution 
of hemoglobin prepared by treating a solution of oxyhemoglobin •with hydraasin hydrate; D, absorption 
■ spectrum of a solution of methemoglobin prepared by treating a solution of oxyhemoglobin with' potassium' 
ferricyanid; absorption spectrum of an alkaline solution of hematin; F, absorption spectrum of a solu- 
tion of heinochromogen' prepared 'by treating an alkaline solution of hematin with hydrazin hydrate; 


Gt absorption spectrum of a solution of NO-hemochromogen. 
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hemoglobin. In pure solutions nitric oxid is insoluble in ether. The 
nature of this ether-soluble derivative of NO-hemoglobiii will be cfis- 
cussed ill connection with the color of cooked salted meats. 

Preparation of pure NO-hp:moglobin in dry condition.— T\venty- 
live c. c. of a concentrated solution of NO-liemoglobiii were cooled to 
C.j 6 c. c. of absolute alcohol previous! cooled to the sa/iiie teiii- 
perature were added j and the dish was gently rotated. . An abiiiidaiit 
quantity of dark cherry-red crystals formed inimediately. The dish 
was covered, placed in a refrigerated compartiiieiit for 24 hours at a 
temperature of -4^ C., and the contents then filtered with the aid of 
suction in a room held at a temperature of to +4° C, There was 
obtained a quantity of reddish brown crystals whicli were partly soluble 
in water, giving a reddish brown solution which showed a spectrum of 
NO-hemoglobiii contaminated by the presence of iiietheniogiobin. The 
material was not sulEciently soluble in water to allow^ of recr^^stalliza- 
tion, 

A large number of trials were made with various methods of procedure 
in an endeavor to obtain pure NO-hemoglobin in dry condition, but 
without .much success. Crystallization by a method using alcohol 
seems to change the NO-liemoglobin, in part at least, to methemoglobin. 

When ■ crystallization w’as carried on in the presence of a reducing 
agent — e. g.,;hydrazin hydrate or Stokes's solution— moist crystals could 
be obtained whicli showed a spectrum of NO-hemoglobin free from 
met hemoglobin ; but on. drying the crystals in vacuo over sulphuric 
acid a change to methemoglobin took place. 

Crystaeuzation of NO-hEmogeobin. — In general, the method used 
by Reichert and Bromm (1909) for the crystallization of hemoglobin and 
oxyhemoglobin was followed. In brief, the procedure was as follows: 
A pure concentrated solution of NO-hemoglobin was prepared by the 
methods previously described, and was examined spectroscopically to 
determine its freedom from other hemoglobin derivatives. Axninoniiuii 
oxalate, in the proportion of 2 gm. to 100 c. c., was then added to the 
solution, which was then shaken .to dissolve the salt. All subsequent 
procedure was carried on in a refrigerated room at a temperature of 
to .+,5® C. ' 

■A , few drops of the NO-hemoglobin'solution were placed -on a micro- 
scopic slide and' allowed to evaporate until a heavy, dry proteid ring 
had formed around the drop. The cover glass was then carefully, applied 
so .as to ' exclude air bubbles,.' and the edges were sealed with balsam. 
Microscopic examination was made immediately after mounting and at 
, intervals thereafter,; according to the ' rate of ^ crystal formation. ■ The 
formation of crystals started' at the' dried' proteid ring ami proceeded 
toward, the center of, the mount, although occasionally crystals '.of am.mo- 
Ilium oxalate would form,' and' 'the ■''hemoglobin crystals,' 'w'Oiild',' start' 
from this base. . , ^ '. 
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The above method was followed for the crystallization of both oxy- 
hemogiobiii and NO-hemoglobin from sheep, ox, and pig blood, and of 
naetlieinoglobiii from ox blood. It was found practically impossible to 
secure crystals of hemoglobin or of its derivatives from the blood of 
the above-mentioned animals without the use of ammonium oxalate. 
It was also found necessary to carry on the work at a temperature 
slightly above freezing, since the crystals would not form readily at 
room temperature, 

Ox-BBOOD OXYHEMOGLOBIN. — Plate XXXII, figures i and 2, shows 
crystals of oxyhemoglobin from ox blood. These crystals correspond 
very closely with those described by Reichert and Brown. No attempt 
was made to make a critical study of the cr37'stallography of any of the 
various hemoglobin compounds studied. 

Ox-blood NO-hemoglobin. — Plate XXXII, figure 3, shows crystals 
of this compound. It was found very difficult to obtain crystals of 
NO-hemoglobin, owing, apparently, to its greater solubility as compared 
with oxyhemoglobin. The crystalline structure, it will be noted, is 
distinctly different from that of oxyhemoglobin. 

Ox-blood methemoglobin. — Plate XXXII, figures 4 and 5, shows 
crystals of this compound which were prepared by treating oxyhemo- 
globin with potassium feriicyanid. It will be noted that the crystals of 
this compound are very similar in structure to those of NO-hemoglobin. 

Sheep-blood oxyhemoglobin. — Plate XXXIII, figures i and 2, 
shows crystals of this compound which correspond very closely with 
those described by Reichert and Brown. 

Sheep-blood NO-hemoglobin. — -It was not found possible to secure 
a thoroughly satisfactory mount of these crystals, owing to their high 
solubility. Plate XXXI 11 , figure 3, shows fair crystals of this com- 
pound in the form of plates, which, however, are largely obscured by the 
large crystals of ammonium oxalate. It may be noted, however, that the 
crystals of NO-hemoglobin are distinctly different from those of oxy- 
hemoglobin from the same source.' ■ ; 

Pig-blood NO-hemoglobin.— Plate XXXIII, figures 4 and 5,, 'shows 
crystals of NO-hemoglobin obtained from pig's blood. It was not found 
possible to secure a good mount of oxyhemoglobin crystals from pig’s 
blood, but the NO-hemoglobin crystals shown in' this illustration are very 
different in structure from the oxyhemoglobin crystals from pig's blood 
described by Reichert, and Brown. : 

The above work shows that NO-hemoglobin' derived from: ox,, , sheep, 
and pig blood is a crystallizable compound,:' with a definite ■ structure, 
depending . upon the.: species from which it has , been obtained, and, that 
its ■ structure is different from' oxyhemoglobin crystals from the „ 'same 
sourcesv ■ 
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COLOR OF UNCOOKED SALTED MEATS 

To a sample of finely grotmd fresh beef was added 0.2 per cent of potas- 
sinm nitrate^ and the material was placed in a refrigerated room at a 
temperature of 34° F. for seven days. At the end of that period the 
meat had a bright-red color, but gave evidences of incipient putrefac- 
tion. Oil extraction with 95 per cent alcohol, a faintly red-colored 
extract was obtained, which on spectroscopic examination showed a faint 
band just at the right of the D line. The color of the extract quickly 
faded. On extraction with water the sample yielded a dark-red extract, 
which retained its color without change for several days. On spectro- 
scopic examination the following spectrum was observed: Just at the 
right of the D line a very heavy dark band, and a trifle to the left of the 
E line a heavy band, but wider than and not quite so dark as the first 
band and with less sharply defined edges. These bands correspond 
exactly in position with those of oxyhemoglobin and NO-hemoglobiii, 
but more closely ' resemble the latter. 

On treatment with sodium-nitrite solution the extract changed some- 
what in color to a reddish brown, but still showed the two absorption 
bands noted above, and in addition showed a methemogiobin band at the 
left of the DTine. The presence of this band would indicate that the 
extract contained some oxyhemoglobin, which on 'treatment with sodium 
nitrite changed to methemogiobin. On treatment with hydrazin hydrate 
the extract was not changed in color, and showed the following spectrum: 
Just at the right of the I) line a very heavy band; at the left of the E line 
a somewhat lighter and wider band with less sharply defined edges. This 
spectrum corresponds exactly with that of the original extract. 

The position of the absorption bands just noted, the fact that these 
bands were unaffected on treatment of the extract with hydrazin hydrate, 
and the solubility of the color in water are sufficient proof that the' color 
of the meat under' examination was due to the presence of NO-lietno- 
giobin. 

The production of NO-hemoglobin in the sample of meat under exami- 
nation is easily explained. The potassium nitrate added to the meat liad 
been reduced,, either by bacterial or enzym action or by both, to potas- 
sium nitrite, nitrous acid, .and nitric oxid, with the consequent formation 
of ,NO-hemogiobiii. '■ " 

■ '..vSamples .of various uncooked meats and 'sausages in, which saltpeter 
had been' used as one of the curative agents were obtained on the market 
for the purpose'' of studying' the. coloring matter of these products, and the 
following results', were' obtained : 

' Smoked, PORK' ''shoulder.— The freshly . cut ' surface , of the meat was 
bright red in'„color. ' On extraction with water the 'finely ground, leaii 
„ meat ''gave a dull-red .colored', extract, ■' which ..sho'wed ■,the,".''MIowi'ng spec- 
trum : Just atT'he right of the D line aiairly heavy ■da.rk ba,nd.. ' 'No other 
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bands were visible. On treatment with potassium ferricyanid .the red 
color of the solution changed to brown and the band disappeared. On 
extraction with 95 per cent alcohol a red-colored extract was obtained 
which showed the following spectrum: Just at the right of the D line a 
fairly heavy band, in the same position as noted with the water, extract. 
On treatment with potassium ferricyanid the color of the extract changed 
to brown, and the absorption band disappeared. The addition of sodium 
nitrite or of hydrazin chlorid caused practically no change in the color or 
spectrum of the extract. 

Smoked pokk ham. — The' cut surface had a bright-red. color. On 
extraction of the finely-ground lean meat with water a red-colored 
extract was obtained which showed the following spectrum: A fairly' 
heavy band just at the right of the D line. The addition of sodium nitrite 
or of hydrazin hydroclilorid caused no change in color of the extract. 

SaIvAmi sausage. — This product is known as a dry summer sausage, 
and is cured by hanging in a dry and well ventilated room for some time; 
it is also subjected to a light smoking. The cut surface of the meat had 
a bright-red color. On extraction with alcohol a bright-red colored 
extract was obtained which showed the following spectrum: A heavy 
dark band just at the right of the D line. On treatment with hydrazin 
chlorid the solution became somewhat milky in appearance, but the color 
and spectrum were not affected. Treatment with sodium nitrite caused 
no change in the color or spectrum of the extract, while potassium 'ferri- 
cyanid changed the red color of the solution to brown, and the absorption 
band disappeared. 

, Dried beeR.— This product is first cured in a brine containing , salt, 
sugar, and saltpeter, and is then smoked. The cut surface of the meat, 
was dark red. On extraction with alcohol a bright-red colored extract 
was obtained, which showed the following spectrum:, A heavy, dark band 
just at the right of the D line. Treatment with reducing agents gave; the 
following results:' Potassium ferricyanid destroyed the red color,, and' 
the absorption band practically disappeared; sodium nitrite partially' 
destroyed the red color, but the absorption band at the right of the D'liiie 
was still visible;, hydrazin hydrate did not affect the color or spectrum 
of the extract. , On extraction with water a faintly , red-colored solution 
was obtained. The meat residue after extraction had a bright-red color. 

Smoked , CERVEUAT sausage. — ^This product is prepared in much" the 
same manner as salami sausage. ' On extraction, with alcohol a light-red 
colored extract was obtained .which gave an' absorption spectrum, show- 
ing a distinct band just at the right of the D line. ' ' Treatment,' with 
hydrazin hydrate did not affect the color or spectrum of the, solution', 
while sodium ' nitrite, hydrazin chlorid, and potassium .ferricyanid de-' 
:"stroyed't,'he red color of the extract,' and, 'the. absorption band, disappeared., ' 
' 07235 '^— 14— 3 ' 
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Treatment of tiie sausage with water extracted no color, while ether 
gave a iight-red colored extract, the color of which faded rapidly. Spec- 
troscopic examination showed a distinct band just at the right of the 
D line. 

Cured pork shoulder, not smoked. — ^The freshly cut surface of the 
meat had a bright-red color. On treatment with water a light-red col- 
ored extract was obtained which showed the following spectrum : A dis- 
tinct band just at the right of the D line.- The color of the extract 
faded rapidly. On extraction with alcohol the meat gave a red-colored 
extract, showing a spectrum with a distinct band just at the right of the 
D line. Treatment with sodium nitrite or with hydraziii hydrate caused 
practically no change in the color or spectrum of the extract. 

Corned beef. — On extraction with water a rather cloudy, red-colored 
extract was obtained which gave a spectrum showing a fairly distinct 
band just at the right of the D line. Treatment \ritli sodium nitrite 
caused no change in the color or spectrum of the solution. On extraction 
with alcohol the meat gave a bright-red colored extract which showed a 
fairly heavy absorption band just at the right of the D line. Treatment 
of the extract with sodium nitrite did not affect the color or spectrum, 
while liydrazin hydrate, hydrazin chlorid, and potassium ferricyanid 
destroyed the red color and the absorption bands of the solution. 

SUMMARY OF RESULTS WITH UNCOOKED SALTED MEATS 

The ' results of the examination of the samples of uncooked salted 
meats reported above may be summarized as follows : 

The color of the meats was generally soluble in alcohol and in some 
cases in water. All samples gave extracts which showed an absorption 
band just at the right of the D line. In general, treatment with liydrazin 
hydrate or with sodium nitrite did not affect the color or spectrum of the 
extract. Potassium ferricyanid and liydrazin chlorid generally destroyed 
the red color of the extract and caused the absorption band to disappear. 
The fact that all samples of meats examined gave a red-colored 'extract 
with alcohol while only a part of them yielded a red-colored extract with 
water may be explained in this v^ay: NO-hemoglobin is readily soluble 
in water, but insoluble in alcohol or ether. However, if a little alcohol 
is' first added to a solution of NO-hemoglobin — sufficient to cause a 
^slight, precipitation of the proteid — and the solution' is then extracted 
with ether, -a "bright-red colored extract may ' be obtained which gives a 
spectrum showing an absorption band just at 'the right of, the D line. 
The coloring matter extracted by ether is undoubtedly -a deco,mpositioti 
product of NO-hemoglobin. 

: In the case of the meats, examined it would ' appear that ' all '' sarnples 
giving with' water, a; red-colored- 'extract -that. s'how,.ed„an','absorption'' 'band' 
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M the right of the D line had as their coloring matter N'O-hemoglobin. 
Iti the case of those samples giving a red-colored extract with alcohol 
and showing an absorption 'band at the right of the D line but giving 
no red-colored extract with water, the coloring matter of the meat was 
not NO-hemoglobin, but a derivative of that compound. In the case 
of those samples which gave red-colored extracts with both alcohol and 
water and which showed an absorption band just at, the right of the D 
line, the color is certainly due, in part at least, to NO-hemoglobin, and 
it may be due, in part, to a derivative of NO-hemoglobin present as such 
in the meat, or the alcohol may break down the NO-hemoglobin during, 
extraction. 

The evidence is ample to show that the action of saltpeter in the 
curing of meats is primarily to cause the formation of NO-hemoglobin; 
but it is very possible that under certain conditions of manufacture 
or processing to which salted meats are subject, the NO-hemoglobin 
may undergo changes. 

REB COLOR OF COOKEB SAETEB MEATS 

Haldane has shown that the red color of cooked salted meats is due 
to the presence of NO-hemochromogen, a reduction product of NO- 
hemoglobin to which the color of uncooked salted meats is due. NO- 
hemochromogen is characterized by its solubility in alcohol, its resistance 
to the action of reducing agents, and a spectrum showing a distinct 
band just at the right of the D line and a faint band a trifle to the left 
of the E line. While Haldane’s work seems to show clearly that the 
color of cooked salted meats is due to NO-hemochromogen, it has seemed 
desirable to study the subject further and to determine especially if the 
NO-hemoglobin of uncooked meats be reduced to NO-hemochromogen 
under other conditions than by cooking. The fact that in the examina- 
tion of certain uncooked salted meats a coloring matter had been obtained 
similar to NO-hemoglobin yet not possessing all of the properties of that 
compound, as has already been noted, led the writer to believe that the 
coloring matter of some uncooked salted meats might be due, in part at 
least, to NO-hemochromogen. 

NO-hemochromogen is but briefly mentioned in the literature. The* 
compound is described by Linossier (1887), Haldane (1901), and by 
Abderhalden (1911). 

The following experiments in the production of this compound were 
conducted by the writer. A dilute alcoholic, ammoniacal solution ■ of' 
hematin was saturated,, first with . hydrogen to remove' air, then 'with, 
nitric oxid, and finally again with hydrogen. ■ On treatment with' nitric'' 
oxid the brown color of the solution. gradually'changed to. .reddish brown;,; 
the.nharacteristic spe.ctnim of alkaline; hematin. disappe,ared, and in.'lts.;' 
place appeared'.a spectrum' showing a fairly heavy' band just at .tbeviight'' 
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of the D line and corresponding to the spectrum of NO-hemocliromogeri, 
as described by Haldane, except that the second band at the left of the 
E line was not visible. The addition of Stokes's solution caused no change 
in the color or spectrum of the solution. On standing overnight the red 
color of the solution had changed to brown and the spectrum had changed 
to that of alkaline liematin. 

A dilute alcoholic, ammoniacal solution of liematin was treated with a 
small quantity of a concentrated solution of hydrazin sulphate. The 
brown color of the hematin solution quickly changed to the bright pink 
of heinochromogeii, with a corresponding change in spectrum. The hemo- 
chromogen solution was then saturated with hydrogen, nitric oxid, and 
hydrogen in turn. On saturation with nitric oxid the pink color of the 
solution quickly changed to cherry red, and spectroscopic examinatioii 
showed a heavy dark band just at the right of the D line. No other 
bands were observed, even though the solution 'was examined in a deep 
absorption cell. 

The two substances produced, either by saturation of a solution of 
hematin with nitric oxid or by, similar treatment of a solution of liemo- 
chromogen, are apparently identical. ■ The evidence seems to show that 
this substance is the compound NO-hemochromogen. 

The , structural relation between NO-hemoglobin and NO-hemochro- 
inogen is simple. NO-hemoglobin is a molecular combination of nitric 
'oxid and hemoglobin— the latter compound consisting of the proteid 
group, globin, on one hand, and the coloring group, hemochromogeii, on 
the other. NO-hemoglobin and NO-hemochromogen differ from each 
other, simply in that one contains the proteid group, globin, while the 
other does not. Apparently, then, a method of treatment which would 
split off the globin group from NO-hemoglobin should result in tlie pro- 
duction of NO-liemocliromogen, provided, of course, that the procedure 
did not ill turn change or destroy the NO-hemochromogen produced. 

As has already been noted by Haldane, it was found that when a solu- 
tion of NO-hem,oglobin was heated to boiling a brick-red precipitate 
formed, in contrast to the dark-brown precipitate which formed on heat- 
ing- a solution of oxyhemoglobin or of blood. The brick-red precipitate 
was filtered off and was then extracted with alcohol, which gave a light- 
red, colored extract showing a spectrum with a fairly heavy band just at 
the right ■ of the ■ D line. This spectrum corresponds with that of 
',NO-hemochromogen. On standing, , the color of the extract faded 
rapidly. . , , , 

' A. solution of oxyhemoglobin was treated with one-hundredth normal 
nitrous acid, and showed a spectrum , corresponding' to that of NO-hemo- 
globin. ' The color of the, solution changed from the bright" red of O'xy- 
hemoglobin the ','darfc' cherry-red- 'characteristic,, of ' NO-hemoglobm,. 
Treatment with sodium nitrite did not affect the colof, or spectrum of the 
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soliition. The production of NO-hemoglobin by this method is un- 
doubtedly due to the action of the nitric oxid, liberated from the unstable 
nitrous acid, upon the hemoglobin. On heating the solution to boiling 
a brick-red precipitate was formed which, after filtration and on extrac- 
tion with alcohol, gave a light-red colored extract which showed a 
spectrum with a fairly heavy band just at the right of the D line. Treat- 
ment with sodium nitrite did not affect the color. or spectrum of the' 
solution. 

A piece of lean beef .about, 3 inches square and inches thick was 
placed' in a cold o, i per cent solution of sodium nitrite, and the solution 
was brought to the boiling point and boiling continued for one-half hour. 
Immediately on placing in the cold nitrite solution the surface of the meat 
turned dark brown in color; but on boiling, the meat took on a bright-red 
color, similar to that of cooked corned beef. On cutting the cooked meat 
the cut surface showed a bright-red color extending from the surface, for 
about one-fourth of an inch toward the center of the piece, the interior 
of the meat being dark brown. The meat was ground and extracted 
with alcohol, which gave a bright-red colored extract sliomdng a spectrum 
with a quite lieav}^ band at the right of the D line and a very faint band 
at the left of the E Hue. 

The color which Lehmann obtained on extracting with alcohol meat 
which had been cooked in water containing nitrites and acid, he named 
“hsemorrhodin.” Results obtained by Haldane and by the writer seem 
to show, however, that the compound described by Lehmann is none 
other than NO-hemochromogen. . . 

The following kinds of salted meats were used in studying the color of 
cooked salted meats : Salami, cervelat, Frankfurter, and Bologna sausages, 
corned beef, cured pork shoulder (unsmoked), smoked shoulder, and 
smoked ham. Bologna and Frankfurter sausages are cooked in the proc- 
ess of manufacture, so that these products are cooked salted meats. 
Portions of each of the samples of meats were cooked for some time in 
boiling water, then finely ground and extracted with alcohol. In all 
cases a red-colored extract was' obtained, the intensity of the color vary- 
ing with thC' product. On spectroscopic examination the extract from' 

' each sample showed a distinct band just at the right, of the ,D line, 'but 
in '.practically all cases a second absorption band was not visible. , The 
addition of sodium nitrite, as a rule, did not affect the color or spectrum 
of the extract. The color of the. cooked' salted meats was soluble in 
ether, but insoluble in water. , . '' , 

The evidence seems to show very clearly that the color of cooked salted 
meats is due to the NO-hemochromogen resulting from the reduction of 
the NO-hemoglobiii' of the raw salted meats on boiling, ' 

It was found that the , alcoholic extracts' from the same .product,, 
whether in. raw or cooked condition, showed practically' id'entical.prop^' 
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erties. This does not signify that the coloring matter of raw salted meat 
is necessarily NO-hemochromogen, but rather it appears that treatment 
with alcohol reduces the coloring matter of uncooked salted meatSj 
NO-hemoglobinj to NO-hemochromogen. In the case of certain uncooked 
salted meats NO-hemochromogen may be present as such before extrac- 
tion .with alcohol. The best means of differentiating between NO™ 
hemoglobin and ,NO~hemochromogen as the coloring matters of salted 
meats seems to be on the basis of their differences in solubility. NO™ 
hemoglobin is soluble in water but insoluble in ether and alcohol, while 
NO™hemochromogen is soluble in ether and alcohol and insoluble in 
water. In other respects the properties of the two compounds are very 
similar. 

In the case of certain kinds of uncooked salted meats and meat food 
products — e. g., summer sausage and dried beef — the coloring matter 
seems to be NO-hemocliromogen rather than NO™hemoglobin, The 
color is insoluble, in water, but is soluble in alcohol and exhibits other 
. properties of NO-hemocliromogen. 

It is very probable that in the case of meats w^hich have been cured 
with saltpeter or of meat food products in which saltpeter has been 
used in the process of manufacture, the reduction of NO-bemogiobin 
to NO-hemochromogen takes place to - a greater or lesser degree, depend- 
ing upon conditions of manufacture and storage. The two compounds 
are so closely allied that their differentiation in one and the same product 
is not a matter of great importance. 

CONCLUSIONS 

TliC' results of the investigation reported in this paper may be briefly 
summarized as follows : 

The color' of uncooked salted meats cured with potassium nitrate, or 
saltpeter, is generally due, in large part at least, to the presence of NO- 
■ hemoglobin, although the color of certain kinds of such meats may be 
due in part or in whole to NO™hemochromogen. 

The NO-hemoglobin is produced by the action of the nitric oxid 
resulting from the reduction of the saltpeter used in salting ' upon the 
hemoglobin of' the meat. 

' The color of cooked salted meats cured with saltpeter is due to. the 
■presence of NO-hemochromogen resulting from the reductio.n of the 
color of the raw salted meat on cooking. 
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Fig, I. — Oxyhemoglobin, slieep blood. 
Fig. 2.^ — Oxyhemoglobin, sheep blood. 
Fig. 3.'-~NO-liemoglobin, sheep blood. 
Fig. 4 . — N O-hemoglobin , pig blood . 
Fig. 5,~~~NO-heraogiobin , pig blood. 




OIL CONTENT OF SEEDS AS AFFECTED BY THE 
NUTRITION OF THE PLANT 

By W. W. CiAKNiiK, Physiologist in Charge, H. A. Allard, Assistant Physiologist, 
and C. L. Foubtsrt, Scientific Assistant, Tobacco and Plant-Nutrition Investiga- 
tions, Bureau of Plant Industry 

INTROBUCTION 

Although oils and fats are very widely distributed in the plant world, 
the commercial supply of these products is derived chiefly from a com- 
paratively small number of species, and in most cases the seeds of these 
plants furnish the raw material. In general, the oil produced by the 
plant is usually stored in the seed or other reproductive parts, and for 
this and other reasons the seed constitutes the most favorable material 
for a study of the quantitative production of oil in plants. 

The seed as a rule varies less in composition than other plant parts, 
as would be inferred when we consider its relatively small size along 
with the fact that it normally possesses the ability to reproduce in 
detail the distinctive characters of the parental type. Nevertheless, 
when grown under widely different conditions, seeds frequently show 
such marked changes in composition that their agricultural or com- 
mercial value is materially affected. The composition of certain seeds, 
more particularly wheat and other grains, as influenced by environ- 
ment, has been extensively investigated in so far as relates to their 
content of protein, carbohydrate, and ash; but no extensive investiga- 
tion of the oil content of seeds as affected by the various factors of 
nutrition has thus far been reported. There are on record, however, 
numerous analyses of oleaginous seeds grown in different regions, which 
indicate marked differences in oil content, presumably due, at least in 
part, to the varying conditions under which the seeds were produced. 
Some of our ituportant crop plants are of value, primarily, for the oil 
contained in the seed; and it is a matter of practical importance to 
ascertain, so far as possible, the most favorable conditions for obtain- 
ing maximum yields of oil. It was with this object in view that an 
investigation was undertaken, some of the results of which are presented 
in the present paper. - 

The true fatty oils, composed of glycerin esters of the fatty adds, 
are quite different chemically from the carbohydrates; and, in fact, the 
two groups of compounds have little in common, except that both con- 
tain only the three elements— carbon, hydrogen, and oxygen. On the 
other hand, there is a very intimate and significant physiological rela- 

ioumalof AgticiiltwaiEesearcliw^^^ Vol'in,:N©.'3:.\ 
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tioiiship between the carbohydrates and the oils in the seed and other 
parts of the plant. Outside of the living cell the transformation of 
carbohydrate into fat, or the reverse process, has not been accomplished; 
but both of these psocesses are readily carried out by the living proto- 
plasm. The researches of Muntz (1886),^ Leclerc du Sabloii (1895, 
1S96), Gerber (1897 a, b), Ivanow (1912), and others with the poppy 
(Papaver somnijemm), flax {Linum usitatissimtim) ^ rape (Brassim spp.), 
soy bean {Glycine hispida), castor-oil plant (Ricimis commtmis), walnut 
(Juglans regia) ^ sweet almond (Amygdalus communis), hemp (Cannabis 
satim), and sunflower (Helianihtis anmius) all go to sliow^ that the devel- 
opment of oleaginous seeds is characterized by a progressive acciiiiiula- 
tioii of oil accompanied b}^ a corresponding decrease in carbohydrates. 
Under proper conditions this transformation takes place in unripe seeds 
detached from the mother plant, further indicating* that the oil is derived 
from the carbohydrate. Although oleaginous seeds in general are rela- 
tively rich ill protein and the accumulation of oil proceeds simultane-. 
ously ' witii that of protein, no evidence exists that there is any direct 
relationship between the two processes. 

From the researches of the investigators mentioned, together with 
those of Schulze (1910) and his pupils, it may be inferred that the plant 
during the period prior to blooming normally accmntilates an adequate 
supply of nutrients, chiefly in the fortn of carbohydrate and protein, to 
insure the development of the seed. At or near the blooming stage there 
begins a general movement of nutrients in the form of the simpler sugars 
and soluble nitrogenous constituents through the stem toward the re- 
productive parts. During the first stages of development of the seed 
the carbohydrates are laid down largely in the form of cellulose and 
hemicellulose, in order to provide for the early development of the testa, 
or seed coat, which senses first' as conductive tissue for the embryo 
and in later stages as a protective membrane but not as a depository 
of' surplus food. ■ Then follows in the seed of some species a marked 
accumulation of so-called reserve carbohydrates, mainly starch and 
hemicellulose, while in other species the nitrogen-free ' “reserve'^ food 
accumulates in the form of oil. Examination of the stem parts during 
the development of the seed has shown that the organic non-iiitrog- 
enous' nutrients flowing into oleaginous seeds' are largely the same as 
forstarchy.seeds— namely, soluble carbohydrates. 

While, there appears to be no doubt that the oil in the plant cell, at 
least in 'the higher plants, is derived from carbohydrate, the mechanism 
of; the, reactions involved is not understood, since ' the transformation' 

is not 'known outside the living cell. ■" 

— , — . '■ . ' 

2 Bibliograpli'ic.citatioiss ia. parentheses tefer to '.‘literature cited*'* p. '249. ■: . • 
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PROBLEMvS INVOLVED AND GENERAL METHODS OF PROCEDURE’ 

The growth, development, and composition of the ' individual plant 
depend on the combined action of heredity and environment. It fol- 
lows that in any investigation of heredity or of environment in relation 
to plant life such methods should be followed as will make it possible 
to distinguish between these two forces. This principle of dearly dis- 
ti,nguishmg between the effects of environment and those due to heredity 
is simple enough in theory, but in practice it is often extremely difficult 
to follow because of interrelations between the two forces which are not 
fully understood. Thus, nonheritable variations in the progeny of 
relatively pure strains grown under what would seem to be uniform 
environmental conditions become especially apparent when we come to 
deal with quantitative differences such as are involved in a study of 
variable chemical composition as influenced by the factors of nutrition. 
In our experiments on the nicotine content of tobacco, the oil content of 
seeds of various species, and other quantitative characters, efforts to 
insure the greatest uniformity possible in environmental conditions have 
failed to effect anything like uniform composition in the progeny of 
individuals representing the purest strains available. Some of the 
strains of tobacco under study had been inbred for eight generations. 

It follows that in dealing with quantitative differences in composi- 
tion as influenced by environment a sufHciently large number of indi- 
viduals xiiust be used to avoid misleading results due to variations that 
cannot be brought under control. Where conditions have made if 
impracticable to grow relatively large numbers of plants for study, 
the alternative of repeating the experiment has been adopted. It is 
equally important to use caution in reaching generalizations based on 
results obtained with an insufficient number of species or varieties. 
In the course,, of our work on the oil content, of seeds it,,^ has, been fre- 
quently observed that in the case of- the soy bean, for example, different 
varieties are not always^ influenced in the same manner by the envirom 
meiit. In. such plants as the soy: bean and cotton, therefore, ,aS' 'matiy- 
varieties „■ as practicable have been . included' in .the experiments. -' .'Iti, 
selecting plants for, study those that' are of, special importance, by ^ reason 
of' the - oil" content of the seeds and which, are otherwise adapted to' the, 
wo'rk'in, view have been taken,- Thus far: we„ have, utilized: cotton,' '(Gos-' 
"sypium spp.), soy bean, peanut (Arachis hypogaeaft suMowet, 

: , With, reference to,' chemical composition, the commercial value, of -seeds' 
evidently depends on the relative 'percentages of their several' constituents, ' 
but .'from the' standpoint- of .the grower the returns also '.depend' on''the: 
--'quantity of 'Seed, produced— that -is,, on.the number and size of, the seeds' 
p.'roduced -by',"the individual, plant or-' on a' given acreage.'- '■' Hence, in.the: 
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present investigation the weight of the seed in addition to its percentage 
composition was determined in order to ascertain the actual quantity of 
oil which it contained. When practicable, data were collected as to the 
size and character of growth of the plant as a whole for purposes of 
correlation and more particularly in dealing with specific factors of the 
nutrition process as a measure of the relative effects produced by the 
special conditions of' the experiment. The actual yield of seed has not 
received any special attention, since this is greatly affected by factors of 
nutrition which have little influence on the problems involved, and, 
moreover, the matter of crop yields constitutes a separate problem. In 
analyzing the seed the official method^ for the determination of oil was 
followed, using anhydrous ether as the solvent. 

OIL CONTENT OF SEED AT SUCCESSIVE STAGES OF DEVELOPMENT 

It has been shown that the accumulation of oil in the seed does not 
set in aMively during the very earliest stages in the development of the 
seed, and the work of Ivanow (1912) suggests that there is a period of 
very intense oil formation, which occurs about midway between bloom- 
ing and the final maturity of the seed. This raises the question as to the 
existence of a '‘critical period’' in oil formation which would have an 
important bearing on the effects of external conditions on the quantity 
of oil produced. Samples of soy beans and of cotton seed were collected 
at different stages of maturity, to secure more definite information on 
this point. The weight of the seed also was obtained in each case, so 
as to ascertain the changes in the absolute as well as the relative oil con- 
tent. To arrest respiration promptly and thereby avoid changes in com- 
position, the immature seeds were dried in the oven at 70° to 80® C. In 
the case of the soy bean 5 to 6 pods were picked from each of 100 to 125 
plants in taking the samples. The material was growJ. at the Arlington 
Experiment Farm, Va., the Peking soy bean in 1910' and the, others in 
1912, The several pickings from each variety were taken from the same 
plants at stated intenmls, but for obvious reasons the different pickings 
do not necessarily , represent the actual growth made', by the beans in the 
intervals covered. They are strictly comparable, however, as to' the 
"relation between the oil content and the size of the seed at the several 
stages of maturity. In the case of the cotton seed care was taken to 
obtain: the, same number of immature' and mature bolls from each plant, 
'and , these were always taken from the same branch, about 12 plants 
being used for each pair of samples. The results obtained are 'shown in^ 
Tables I, and II. ' 

i Wiley, H. W., et al. Official and provisionalinethodsof analysis, Association, of Official Agrictiltoral 
Chemists. U. S. Dept, 'Agr., Bur. Chem. BuL 107 (rev.), 272 p., xs fig.' 1908. ,, 
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TaBi^E l.—Oil content of soy beaus gathered at various stages of maturity at Arlmgion 
Experiment Farm , Va., in igio and igi2 

variety, S. F. I. NO. 19981 


Date bar’ 
vested. 

Weight 
of 1,000 
beans, 

Moisture 
in beans. 

Oil in 
moist 
beans. 

Oil in 
1,000 
beans. 

Date har- 
vested. 

Weight 
of 1,000 
beans. 

Moisture 
in beans. 

Oil in 
moist 
beans. 

Oil in 

J,OOD 

beans. 

Aug. 13 . . , 

Gfn. 

Per cent. 

Per cent 

Gm. 

Sept. II . . 

Gm. 

Per cent. 

Per cent. 

Gm. 

3 - 53 

7, 50 

2.95 

0. 104 

356.8 

6. 60 

18. 05 

64.4 

20 . . . 

39*3 

5 - 50 

10. 65 

4. 19 

16. . 

447.0 

7 - SS 

x8. 02 

80.5 

23 . . . 

96. 24 

5.80 

13. 40 

12. 9 

21. . 

472.3 

5 - 9 S 

18. 60 

87.8 

28 . . . 

146. 2 

1 6. 10 

15 * 94 

23-3 

25 -- 

498. 7 

7-44 

18. 37 

91. 6 

Sept. 3 . . . 

263.7 

5- 40 

16. 70 

44-0 

30.. 

487. 0 

6-35 

18. 85 

90. 8 

6. , . 

282, 0 

j 6.55 

17. 00 

47-9 

Oct- 7 . . 

479-3 

7 - 55 

17. 77 

85.2 


VARIETY, vS. P. I. NO. 21755 


July 24. . . 

8.2 

7. 00 

3. 80 

0.312 

Aug. 13... 

158. 0 

5. So 

14.75 

30...; 

32.3 

5-50 

9. 38 

3-03 

20. . . 

217.4 

6. 00 

15-83 

Aug. 3... 

8i.8 

6. 30 

II. 58 

9.48 

26. . . 

210. 5 

5. 00 

IS- 65 

7. . 

98.3 

5 ' 40 

12. 52 

12. 3 






VARIETY, S. P. I. NO. 32907 


Aug. 20. . . 

3- 28 

6. 70 

3- 38 

0. no 

Sept. 4. . . 

! 

67-3 

5 - 85 

16.9s 

II. 4 

23... 

12.5 * 

6. 50 

7- 65 

-955 

7... 

72, I 

5 - 70 

17. 20 

12. 4 

27.'. .i 

23. 2 

5-15 

12. 10 

2. 81 

II . . . 

85.0 1 

6. 00 

18, 10 

15.4 

30, . , 

49. 2 

5 - ^5 

14.95 

7-36 

20... 

82, 5 

S- 55 

18. 28 ' 

■ 15. 1 


Tabee mature cation seed grown ai Thompsons Mills, 

Ga.yinxgio 


. 

Variety and 'condition of 
^ ' . .seed, , 

Eint. 

Weight 
of 1,000 
seeds. 

Hulls. 

Meats. 

.Mo'isture 
in meats. 

Oil in 
moist 
meats. 

Oil in 
whole 
seed. 

Oil in ■' 
1,000 
seeds. 

Toole: ' 

Per cent. 

Gm. 

Per cent. 

Pet cent. 

Per cent. 

Per cent. 

Per cmt. 

Gm. 

' Immature,-.'. . 

41. 8 

78.4 

44.6 

55.4 

3. 80 

37- 65 

20 . g 

'i6, 4' 

Mature. . ' ' . . . 

38. 1 

93-3 

38-8 

61. 2 

4.05 

38-03 

,,,23.3 

' ,21. '7 

Trice: 






■ Immature,'..'.. — 

'' 3i.'8' 

102. 0 

45-6 

54 - 4 

'3. 72 ■ 

34-60 

18.8 

' , I9.,2 

' .Mature. '. . . 

■'3,0. 8 

134. 4 

j , , 

42.4 

57-6 

4. 00 

36- 17 

1 ,'20., 9' 

: ' ,'28. 2 

Sam McCall: 

1 ■ 






Iinmature. .. .. .. . . 

35-3 

1 133.0 

40. 4 

59-6 

3‘95 

35 - 80 

21.4 

28.5 

'Mature.'.. .' . 

33 - 5 

; 155.6 

39*3 

60. 7 

4*05 

37-93 

' 22. 9 

1 '■ 

35-7 


In all cases the relative weight of the seed rather than the date of har- 
vesting is to be taken as the more nearly correct index of the stage of 
development. ' The first pickings of the soy beans' were made ' 'when t'he 
seeds 'were. exceedingly small, and' the final pickings 'represent the' fnlly 
matured 'Seed.' 'The resnlts are ■definite 'and ''conclusive. '■ '. Except for the 
period inimedkte% following blooming and that directly preceding final 
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maturity, there is throughout the development of the seed a gradual and 
rather uniform gain in the oil content as compared with the growth of the 
seed. There is no evidence of a definite critical period ’’ for the accumu- 
lation of oil during the development of the seech Considering only the per- 
centage of oil, there is a very sharp increase during the iirst few weeks after 
blooming, and then only a slow gain until near the end of the ripening, 
During the final stage of ripening there , is a decrease both in the size of 
the seed' and in the oil content. This phenomenon, which was observed 
also by Miintz (1886), is probably due to continued respiratory activity 
after assimilation has ceased. In the case of the cotton seed the immature 
samples were taken when the green bolls had reached full size and had 
begun to show numerous brown spots. As in soy beans,, the increase in 
oil proceeds somewhat more rapidly than the growth of the seed, 

OIL CONTENT OF SEED AS AFFECTED BY RATIO OF LEAF SURFACE TO 
QUANTITY OF SEED PRODUCED , 

. It lias been shown that the accumulation of oil in the seed, proceeds 
throughout the greater portion of the period of development and ripening. 
It also has been pointed out that during the so-called vegetative period 
preceding' blooming there' is an accumulation of carbohydrates in the 
leaves and stems which is later utilized in the formation of the oil deposited 
in the seed. From these facts it might be inferred that the total quantity 
of oil stored in the seed would be affected by the relative extent of the 
photosyntliesiziiig plant parts, more particularly the leaves, while, on the 
same basis, the percentage content of oil might be influenced by the ratio 
between the photosynthesizing parts and the quantity of seed produced. 
In other words, it is to be expected' that premature shedding of leaves, 
such as often happens under adverse conditions, or the shedding of a por- 
tion of the blossoms would affect the accumulation of oil in the seed. As 
regards the quantity of seed produced, a diminished supply of accum'U- 
iated carbohydrate might lead to the production of a smaller number of 
seeds or of smaller sized seeds, or possibty both. 

For the reasons indicated it is apparent that in any analytic study of 
,,oil prod,uction in the seed as related to factors of nutrition account must 
be taken. of the' possible, effects of the nutrition conditions during the two 
principal life periods of the plant — namely, the vegetative, and the repro- 
ductive.. The production of oil by the plant requires favorable conditions 
for the accumulation' of carbohydrate during' the vegetative period and 
for the , transformation of carbohydrate into 'oil 'during . the second period, 
although there may be, of course, more' or less overlapping, of the two', 
processes., , As a' special phase of' the influence of the accumulation, of. car- ,' 
boh'ydrate on oil formation,: experiment's .'were carried 'out with soy, beans, 
in which the'normal distribution of 'the vegetative' and reproductive' plant 
parts was modified by partial defoliation and by removal of, a portion of 'the ,; 
blossoms or very young seed^ pods.. The number, of . plants, used 'in.',', each 
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experiment ranged from 35 to 50. , Data were also obtained as to the 
effects of the two treatments on the general development of the plant, 
as indicated by the height, the weight of the air-dry root and stalk minus 
the leaves, and the total yield of seed. The results are presented in 
Tables III and IV. 

Table III . — Oil content of soy beans as affected by partial defoliation 




Aver- 

Aver- 

Aver- 





Variety and treatment. 

Date of 
blooming. 

age 

weight 
of stalk 
and 
root. 

age 

height 

of 

plant. 

^ age 
yield 
of beans 
per 
plant. 

Weight 
of 1,000 
beans. 

Mois- 
ture in 
beans. 

Oilin 

moist 

beans. 

Oil in 
1,000 
beans. 

S. P. I. No. 32907: 


Gm, 

Inches. 

Gm. 

Gm. 

P. ct. 

P. d. 

: Gnu 


July 30 



56.6 

89.8 

7.45 

16.7s 

tS*o 

Number of leaves reduced to 



about 40 per cent of normal 
on June 29, July 16, 22, 30, and 










, . .do 

20. 7 

19.1 

34 ‘i 

85.4 

6.6s 

17.52 

iS*o 

Nrraiber of leaves reduced to 


about 50 per cent of normal .'•t 
same periods as above 

. , .do 

24.0 

1 20.4 

! 42. 2 

85.6 

7‘,40 

17.80 

15. 2 



36-8 

25*2 

51.2 

87. 1 

6.60 

17. 20 

15*0 

Number of leaves reduced to 


about 40 per cent of normal on 
Aug. 1 and 15 

. . .do 

24. X 

21. 5 

30.7 

^ 81.8 

„ 6.7s 

17*85 

14.6 

S, P. I. No. 21755: 



Control 

July 8 

9. 7 

II. X 

24-5 

209.0 

S.6s 

16.21 

33.9 

Number of leaves reduced to 


about 40 per cent of normal on 
Tulv 15 and -lo 

. . .do 

S -3 

9-7 

XI. 5 

168.5 

S. 3 S 

16.32 

37.5 

S. P. I. No. 30599: 


Control 

, , .do..,. . 

24*5 

27-0 

61. 1 

179.4 

6. 20 

19-95 

35*8 

Number of leaves reduced to 


about 40 per cent of normal on 
July 1$ and 22. 

. . .do 

16. s 

2 X. 5 

55.2 

167.8 

6.25 

20.93 

35*1 

S. P. I. No. 30745: 

. . .do. . . . . 


Control 

24.5 

24.1 

S8.6 

192.6 

7 . 05 ! 

19.80 

38.1 

Number of leaves reduced to 



about 40 per cent of normal on 
July IS and 22, 

. . .do 

16. 7 

19*2 

32. 1 

iSo.o 

6.0$ 

20.35 

36.6 

S. P. I. No. 30593: 

. . .do 


Control 

27. 2 

24‘4 

59*4 

190.3 

6. 70 

20.93 

39. s 

Number of leaves reduced to 


about 30 per cent of normal on 
July IS and 75 per cent Aug.12. 

. ..do 

1 . 3- 5 

19. 9 

33.8 

160.4 

6.40 

21.30 

34.2, 


Considering, first, the effects of partial defoliation (Table III), in all 
cases the weight of the root and stalk, the height of the plant, and, the 
total , yield of beans are decidedly reduced. The size of the beans, how- ; 
ever, is only slightly reduced, so that the decreased yield is due almost 
entirely to the smaller number of beans developed. It is an interesting' 
fact that the small decrease in size of the beans is almost exactly offset' 
by the increase in percentage of oil, so that' the actual quantity of oil 
in the individual seed remains practically the ' same. ' This ■ fact ' only 
holds apparently within certain limits, for in the case of' the variety 
designated as ‘‘ S.' P. I. No. .30593,'' where the defoliation was , nearly 
three-fourths complete, the decrease in size of the bean, was too great 'to 
be fully offset by the'hig,her percentage of oil.- The, most; striking excep- 
tion, howeAT-er, is, shown by 'S. P. I. No. 2,1755. , ..This' variety,,'. differs 'fe 
the others in that, the seed are m.atured ,a',,:Very short time after bloom- 
ing,' In .the present case, the seed',^ were fully ripe on August 26, whereas 
67'S35°— 14— 4 . 
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all of the reniaiiiiiig varieties were about five weeks later in reaching full 
iiiatuiity. It appears^ therefore, that a degree of defoliation which but 
slightly modified the size and oil content of the seed in those varieties 
requiring a long period for the development of the seed brought about a/ 
much more decided effect in the variety which is able to fully develop! 
rather large-sized seed in a very short period of time. Another reason 
for the greater effect of the defoliation on the size of the bean, as well as 
on the total yield of beans, in S. P, I. No. 21755 is that the foliage 
normally is less abundant than that of the other varieties. 


TABi^Ei IV . — Oil content of soy beans as affected by partial removal of very young seed pods 


1 

Variety and treatment. 

Date of 
blooming. 

Avei*- 

age 

weight 
of stalk 
and 
root. 

Aver- 

age 

height 

of 

plant. 

Aver- 
age 
yk-ld 
of beans 
per 
plant. 

Weight 
of 1,000 
beans. 

Mois- 
ture in 
beans. 

Oil in 
moist 
beans. 

Oil in 
1,000 
beans. 

S. P. I. No. 32907: 


Gm, 

Inches. 

Gm. 

Gm, 

P, ct. 

P. ct. 

Gvi. 

Control 

July 30. . 

36.3 

2 S -7 

30.2 

84. 1 

6 . 43 

17. IS 

14.4 

narge number of pods removed 









on Aug. 19 

. , .do. , . . 

49*7 

27*2 

SS‘0 

103. 1 

6. 6s 

17.69 

18.2 

S.P.I.N0. 2I7SS: 



Control. 

July 8... 

9.7 

11. 1 

24-5 

209.0 

8.6s 

16. 21. 

33*9 

larger portion of pods removed 









on July IS and 32 

. . .do. . . . 

90 

zo. 8 

9.8 

204.6 

8.00 

15*83 

32.4 

S. P. I. No. 30599: 




Control 

. . .do,. . . 

24*5 

27*0 

61. 1 

Z79.4 

6. 20 

19.9s 

35-8 

r^arger portion of pods removed 




on July IS and 22 

. . .do. . . . 

36-2 

21* 5 

32.6 

202. 2 

6. 40 

20. 02 

,40.4 

S,. P. I.' No. 30743: 






Control 

. . .do, . , , 

24.3 

34 ‘ I 

S8.6 

192.6 

7-95 

19. 80 

38.x 

larger portion of pods removed 


on July 15 and 2oand Aug. ig. . 

. ..do 

38*7 

34‘2 

39 «i 

227. S 

6.35 

19.15 

43-7 

S. F. I. No. 30393: 









Control. 

. . .do. . . . 


24*4 

59*4 

190-3 

6.70 

20.93 

39-8 

More tban two-tbirds of pods 


removed on July 15 and 20 









and Aug. 12., 

...do — 

42.1 

S3’ 3 

25.7 

244-4 

6 . so 

19. 95 

48.8 


It might be expected that the effects produced by removing a portion 
of the young seed pods would be largely the reverse of those produced 
by partial defoliation, and this is found to be true in part. Removing 
a portion of the pods resulted in much heavier root and stalk. The 
effect on yield of the reduction in the number of beans allowed to de- 
■velop is offset to a considerable extent by a notable increase in the size 
of the beans. The increase in the size of the bean is not associated with 
,a' corresponding decrease in the ■ percentage of oil; hence^ the actual 
quantity of oil in the individual seed is considerably increased. Here, 
again, the early-maturing variety, S.- P. I. No.' 21755, stands out as an, 
exception.' Reducing the number of seed allowed to' develop failed to 
increase the weight of the vegetative' parts or the size of the seed and 
its oil content. , ■ ■ 

Considering' the two sets of experiments together, when' the" develop-' 
ment of ' the seed' extends through ' a "relatively long . period, a reduction 
of, say, 50 per cent in the normal proportion' of leaves' or photosynthetic 
organs leads to a decreased weight of the'' other "vegetative parts, 'as ''well 
as of the total yield of , seed, but the size of the seed' is, only slightly''''^re- 
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duced, and the quantity of oil in the individual seed is scarcely changed. 
A reduction in the normal proportion of the reproductive parts, on the 
other hand, leads to an increase in weight of the vegetative parts, and 
the size of the seed and its oil content are materially increased. These 
facts are not applicable to the variety which developed its seed within 
a short period of time. 

OIL CONTENT AS AFFECTED BY SIZE OF SEED 

In studying quantitative relationships of seeds one is at once confronted 
with the fact that in any particular lot of seed there is always considerable 
variation in the size of individuals, whatever the conditions under which 
the seed may be grown. This is true even of the seed from an individual 
plant. To ascertain whether there is any constant relationship between 
the oil content and the size of the seeds from the same plant, seeds of 
several varieties of soy beans grown in different localities were separated 
by hand into the larger and smaller sizes and their oil content was deter- 
mined. The results are shown in Table V. 


Table V . — Oil conient of soy beans of large and small size from ike same plant 


Variety and locality. 

Size of 
beans. 

Weight of 
1,000 
beans. 

Moisture 
in beans. 

Oil in 
moist 
beans. 

Ogemaw (S. P. I. No. 17258): 

Puilraan, Wash j 

Large. . . . 

Gm. 

17I 

Per cent. 
S* ^0 

Per cent. 
13. 88 

Do 

Small .... 

106 

5 - 25 

14. 17 

Amherst,, Mass 

Large 

290 

6. 30 

16. 92 

Do. 

Small .... 

169 

6. 60 

16. 63 

Wooster, Ohio 

Large — 

259 

6. 40 

16. 30 

Do 

Small . . . . 


6. 40 

' ^ 5*95 

Hansen (S. P. I. No, 20409): 


Ptiilmaii, Wash 

Large — 

46 

6. 10 

11. 7,2 

Do 

vSmalL..,| 

25 

5 - H 

12, 27 

Statesville, N. C 

Large.. . . 

64 i 

7 ’ 35 

k 3 - 27 

Do 

Small. ... 

37 

6. 80 


La Fayette, Ind ■ ' 

Large 

86 

6- 75 

11.72 

Do 

Small. . . . 

53 

6. 75 

in 15 

Buckshot. (S. P. I. No. 17251); 


Kingston, R. I 

Large 

3^4 

6.30 

': I 7 -' 4 S 

Do..... 

Small .... 

196 

6.65 

17, 00 

Amherst, Mass ' 

Large. . . . 

3^0 

6. 05 ; 

', .17.87 

, Do.... ' 

Small .... 

215, 

6. 40 

,'"16.95 


Considering only the large and small beans from the same lot of seed , 
it appears that generally the percentage of oil is approximately the same^ 
although there are some cases in which there are considerable differences. 
No fixed rule can be laid down as to the relative percentages of oil in large 
and small beans. It is evident that there are niarked differences' in .the 
size of the beans ineach lot, but a quantitative separation is,itiipractifeable> 
since there are all gradations in size..^'' The 'only 'practicable method of 
.comparing .different'', lots .'bf,.,seed, ■therefore, ''is to. s average,''val'.tieS'.:: 
based ■on'comp.aratively large qu'an,titieS', simply counting out the seed as. 
they coiii,e, without 'any', attempt; at :sepa.rati'On into .sizes.:,'; 
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OIL CONTENT AS AFFECTED BY LENGTH OF GROWING PERIOD 

IiidepeiideEtly of any differences between early and late varieties as 
such, it might be expected that difference in oil content would be infftn 
enced by both the character and the length of the growing period. vSev- 
era! investigators have concluded that the length of the growing period 
is an important factor in determining the starch and protein content of 
wheat. In plants of determinate growth, in which all the seed are 
developed during approximately the same period, the effect of the length 
of the growing period on the oil content may be studied by making 
successive plantings at given intervals, since many of such species show 
a marked tendency to shorten the growing period when planted abnot’ 
mally late. Mooers (1909) has called attention to this tendency in soy 
beans, and the present authors have determined the oil content in the 
seed of several varieties of this crop planted at stated inteiwals during 
the spring and summer months.^ The results of the tests are shown in 
part in Table VI. 


TablK VI . — Oil content of soy beans planted at intervals of hvo weeks in XQII 


Variety and date of plant- 
ing. 

! 

Number of 
days from 
planting 
to bloom- 
ing. 

Number of 
days from 
blooming 
to full 
maturity. 

Number of 
days from 
planting 
to full 
maturity. 

Weight 
of 1,000. 
beans. 

Moisture 
in beans. 

OiUti 

beans. 

Oilin 

1,000 

beans. 

S. F. I. No. 21755: 




Gm. 

Per cent. 

Per cent. 

Gw. 

May I 

40 

62 

102 

1S6 

6. 90 

^7*25 

32. 4 

May 15.. 

35 

S8 

93 

^53 

7. 05 

16. 38 

25. 1; 

June I 

37 

50 

87 

166 

6. 90 

17. 40 , 

28. 9 

June 15 

32 

54 

86 

145 

7. 10 

17. 27 : 

25.0 

July I 

27 

S8 

8s 

168 

7. 60 

^5- 51 

26. 1 

Haberiandt ,(S. P. I. 








No. 17,271): 








May I 

61 

83 

144 

210 

6. 6s 

73 

41. 4 

May 15 

54 

76 

130 

211 

6. 70 

,19. 47 

4£. I 

June I 

KO 

7 d. 





44. I 
45* 5 

Tune I '5 

45 

74 

1X9 

j 

240 : 

6. 80 

:iS. 95 

July I 

44 

72 

1 16 

244 

7. 20 

■I 7 - 35 

42. 3 

Buckshot (S. P. I. 








No. 17251): 








May I. 

40 

72 

II 2 

271 

6. 40 

19. .15 

, 51.9 

May 15 

40 

69 

i ^09 

272 

^ 6, 4.0 

19, 62 

J 53 * 4 

June I 

39 

68 

^ 107 

277 

6. 20 

^ 9 * 35 

53 - 6 

Tune 15 

39 

53 

97 

250 

6. 10 

18. 95 

47. 4 

July I 

33 

64 

97 

294 

6. 40 

18. 43 

54. 2 

Medium Yellow (S- P. 







1 . No. 17269): 






j 


Mawi...' 

56 

102 

158 

329 

6-45 

17. 60 j 

57*9 

May 15 

49 

94 

143 

313 

6.2$ 

18. 25 

57. 1 

June I ....... 


77 

127 

312 

5 - 7 ° 

17-75 

55 * 4 

June 15........ 

.45 

73 

iiS 

305 

. ' 5. 80 

17- 38 

S 3 - 

■ Jltl V I . 

41 

66 

107 

334 

6.30 

16. 43 

54. 9 


^ In these experiments the authors are indebted to the Office of Forage-Crop Investigations, of the Btareaii . 
of Plant Industry, fot samples of the soy beans which were- grown at the Arlington Experiment Fartni 

Va., together with the data as to. time of planting and date of maturity.. 
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The different plantings of soy beans show marked variations in the size 
of the beans and in their oil content, but there is no definite relationship 
between these characters and the date of planting. In other words, the 
character rather than the length of the season in which the seed is devel- 
oped seems to be the important factor. The seed from the latest plant- 
ings contain a somewhat lower percentage of oil than the others, but 
this relationship is not verified in other tests 'which have been omitted 
from Table VI for the' sake of brevity. These additional data all show 
lack of definite relationship between size and oil content of the seed and 
the length of the growing period. There is a remai'kable difference 
between varieties as to the shortening of the period required for maturing 
seed when planted late, as illustrated by the Buckshot and the Medium 
Yellow varieties. 

■\’ARIETAk BIFFERBNCES IN OIL CONTENT OF THE SEED 

As a preliminary to the study of oil content as affected by nutrition, it 
was necessary to ascertain the relation of heredity to the quantity of oil 
produced in the seed in so far as relates to the comparative behavior of 
different varieties. This work has been limited largely to soy beans and . 
cotton, since collections of varieties of the other oil-producing plants inves- 
tigated have not been available. 

The method of procedure 'has been to grow a number of varieties of' 
each species under uniform conditions, to use the purest seed obtainable, 
and to repeat the tests for several seasons, using the precautions which 
have been discussed above in drawing samples for analysis. In Table 
VII are given the results obtained from material furnished by the Office 
of Torage-Crop Investigations, representing seven varieties of soy beans 
grown at the Arlington Experiment Farm in 1907, 1908, and 1910. 

Table VIL ^ — Varietal differences in ike oil content of soy beans grown at Arlington 
Experiment Farm, Va.j in igoyt igo8, and igio. 


\ 

'V^arifty and year j 7 ,ro'wn. 

Weight of 
1,000 beans. 

Moisture in 
beans, 

Oil in moist 
' beans. 

Oil in 1,000 
beans. 

Sliaiigliai (S. P. 1 . No. 14952): 

Gw. 

Per cent- 

■ Per cent, " 

Gni, ' 

1907 

215.4 

6, 65 

: ' X 9 . 55 

' 42., 1 

1908 , 

186. I 

6. 16 

18.37 

: , 34 - 2 

1910 

217. I 

6. 80 

, '20.20.: 

43.8 

Average...;' 

206. 2 

6.54 

1 , 29- 37 

' 40. vO'' 

Eda(S. P. I. No, 17257):' ■ 

280. 6 

' . ;:6. 30 



■ 

19. 70 

i 53-5 

1908. ■ . 

1 263. 4 

6. 17 

19. 90 

' S 2.3 

1910. ; 

: 269. 4 

: , ; 

21. 55 

58 .> 

Average..' *. 

271. I 

■^6.21 

20.38 

: :S 4’7 



238 


Journal of Agricultural Research 


VoL III, No. 3 


Table Vll.'—Vamtal differences in the oil content of soy beans gwimi at Arlingion 
Experiment Farni) in iQoyt ipo 8 , and igio — Coiiti’iiiied 


Variety and year grown. 

Weight of 
1,000 beans. 

Moisture in 
beans. 

Oil in moist 
beans. 

Oil ill i,oi:x> 
beans. 

Yosho (S. P. I. No. 17262): 

Gm . 

182. 2 

Per cenl . 

6. 90 

35 

Per ceni . 

16. 78 
16. 2S 

Gni , 

30. 6 
27-7 
3^3 

190S. 

170. 2 
202. 8 


6.65 

IS- 44 

1910. . 

Average 

185, 0 

6.63 

x6. 16 

29, 9 


Amherst (S. P. I- No. 17275): 

1007 

193. 6 

m - 3 

176. 0 

6. 63 

s- 50 

6.05 

20. 15 

39 - 

34 - 9 

35 - 7 

1908 

19. so 
2 °- 53 

1910 



Average 

182. 9 

6. 07 

20. 00 

36. 6 


S. P. I. No. 19981: 

335 * S 
311.4 
331-9 

6. 60 

20. 67 
20. 20 

I 69. 6 

62. 8 

190S 

4-85 

6.45 


21. 86 

72.8 


AA’^erage 

326. 0 

5-97 

20. 91 

68. 4 


S. P. I. No. 20410: 

56.9 

63.4 

64. 6 

6. 80 

15- 67 

I?. 

8.9 

Q. 0 

( * 

1Q08 

6. 18 


6. 40 

ic;. 

y* y 
10. 0 



Average....... ■ 

61. 6 

6. 46 

15- 56 

0. 6 


y. u 

S. P., 1. No. 22312: 

1907 

224, 2 

7-30 

4. 93 
6. 65 

17. 72 
16. 00 

18. 90 

39 - 5 
29. 6 
40.4 

1008. 

185-3 

214. 1 

1910- * • 



Average 

r>r )7 n 

6. 29 

17. 54 

36. s' 


-.u/. y 


In Table VIII are shown the results from six Amrieties of Upland cx:>t- 
ton, also a foreign species (Haw^asaki) grown in the Piedmont section of 
Georgia and the Coastal Plain region of South Carolina. The data pre-^ 
sented are the aA-erages for the years 1909, 1910, and igii in these two 
sections, and in each case all plantings were from the same original lot 
of seed. 
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Tabi.t^ VIII. — Varietal differences in ike oil content of cotton seed grown in northern 
Georgia and in the Coastal Plain region of South Carolina 

[Average for three years] 


Cotton seed grown in — 


Northern Georgia. 


Coastai Plain region of South Carolina. 


Variety of cotton. 



Lint. 

Weight 

of 

1,000 

seeds. 

Hulls. 

Mois- 
ture in 
ker- 
nels. 

Oil in 
moist 
ker- 
nels. 

Oil 

in 

1,000 

seeds. 

Lint. 

Weight 

of 

1,000 

seeds. 

Hulls. 

Mois- 
ture in 
ker- 
nels. 

Oil in 
moist 
ker- 
nels. 

Oi! 

in 

1,000 
seeds . 

King 

Per 

ceni. 

Gm. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Gm. 

Per 

cent. 

Gm, 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Gm. 

36-8 

103.8 

40*5 

4. 98 

36 . 54 

22. 6 

36-7 

96.9 

41.8 

4 - 79 

39 - 14 

21. 7 

Russell i 

3 i "5 

IS 4 - 5 

42.4 

5 ‘i 3 

37-40 

32-9 

33-3 

139-2 

44-3 1 

4.89 

40.73 

3 t .3 

Shine 

32.7 

108. 2 

41.3 

4*93 

37-52 

23-4 

34*1 

95 - 7 

44 ‘^ 1 

4 - 54 

41.23 

21.S 

Toole 

36.8 

93- 1 

39 * 7 

4.98 

37-33 

20. 7 

38.5 

85.2 

42.1 

4. 66 

40.87 

20. 1 

Dixie 

32.9 

III. 0 

40.6 

4.71 

38. 06 

25-2 

33-7 

100.4 

42.7 * 

4.69 

42.07 

24.8 

Hawkins 

3 S -0 

iio. 8 

42.2 

4.76 

36. 72 

23-7 

34-2 

99-0 : 

46.4 

4. 56 

40. 83 

21.0 

Average 

34-3 

113.6 

41. 1 

4.92 

37- 26 

24-8 

1 

34-9 i 

102 . 8 

43-8 

4-69 

40.81 

33 - S 

Hawasaki 

41. 1 

73 * I 

51*4 

6.01 

30. 73 

10.9 

41.0 

63.0 

52.1 

4-93 

32.2s 

9-8 


The data in Table VII show that there ate enormous varietal dif- 
ferences in soy beans both as to size of seed and as to oil content. 
Furthermore, it should be noted that the seasonal effects of the three 
years did not influence the several varieties alike with respect to either 
of these two characters. More extensive tests through a period of five 
years and with several additional varieties fnlly confirm these results. 
It is clear, therefore, that in soy beans heredity is a very important 
factor, not only with respect to the size and the oil content of the seed 
but also as regards the extent to which these characters respond to 
change in environment. The results with cotton, as shown in Table 
VIII, are quite different. There are marked varietal differences in 
size of seed and other important characters, but the percentage of oil 
is remarkably constant when the environmental conditions are the 
same. Williams (1906) obtained somewhat greater variations in oil 
content in a test with 2 1 varieties. 

EXTENT TO WHICH THE ENVIRONMENT ' MAY ■ AFFECT 'THE OIE' • ' 

CONTENT 

Before entering upon a study of the individual factors of nutrition in 
their relation to the formation of oil in the plant, it was desired to obtain 
some idea as to the extent to which the quantity of oil accumulating in 
the seed may be influenced by change in the general environment. Some 
varieties of soy beans may be grown under a very wide range of con- 
ditions, and for this reason this plant was largely used in the experi- 
ments. Through the cooperation of the Office of Forage-Crop Investi- 
gations several varieties' of soy beanS' were, grown by, a number, 'of ,, the: 
State experiment stations, and samples of/ thC' seedvwere/s'ub,jecied, ,to''v^ 
analysis. The resultsnf the experiments are:givenin Table IX.: 
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, Table IX.—Oi/ conkni of soy hemis grown binder different emimnmental condUions 


Variety and locality. 

■Weight <?£ 
1,000 beans. 

Moisture iti 
kernels. 

Oil in 
kernels. 

Oil ill 

1,000 beans. 

Hansen (S. P. I. No. 20409): 

Gpi. 

Per ant. 

Per cent. 

Cm. 

Wooster, Ohio 

50. I 

5 * L '5 

II. 90 

(). 0 

Statesville, N. C 

51.0 

5. 10 

12. 95 

6. 6 

Piiiimaii, Wash 

39-4 

S- 95 

12. 25 

4. 8 

La Fayette, Ind 

72.7 

5 * L 5 

II. 05 

8.0 

Axtbiirn, Ala 

50.9 

6. 40 

12. 38 

^•3 

Kingston, R. I. - . . . 

64- s 

6. 05 

12. 00 

7*7 

Buckshot (S. P. I. No. 172 51): 





Wooster, Ohio 

251. 2 

S- 8s 

16. 40 

41. 2 

Pullman, Wash 

is 6-3 

5. 80 

55 

22. 7 

La Fayette, Ind 

334-6 

6. 10 

13*25 

44*3 

Anbuni, Ala 

250.4 

I 5 - 75 

20. 60 

51. 6 

Kingston, R. I 

Guelph (S. P. I. No. 17261): 

347*5 

5. 70 

1 1 8. 00 

62. 6 

Wooster, Ohio 

164. 0 

5. 82 

i 16. 20 

26. 6 

Statesville, N. C 

269. 0 

6. 12 

20. 05 

S 3 * 9 

La Fayette, Ind 

190.9 

5 ' 32 

18. 40 

35 * ^ 

Aiibtirn, Ala j 

182. 4 

5. 90 

20, 90 

38* 1 

Kingston, R. I 

196. I 

5. 00 

17. 6s 

: 34. 6 

Ogemaw (S. P. L No. 17258): 




, Wooster, Ohio 

207. 4 

5. 70 

16.4s 

34. 1 

Statesville, N. C 

193*5 

5 ' 15 

17. 05 

33 - 0 

Pullman, Wash 

137-8 

5 * SO 

14. 40 

19. 8 

La Fayette, Ind ■ . . 

i 249. 6 

6. 00 

LL 70 

■ 34 *' 3 

Anbtmi,'Ala ■ 

; 233. 3 

5. 80 

19. 25 

44 * 9 

Kingston, R. I 

j 235- 6 

6. 05 

17. 00 

40. 0 


111 some cases there are differences of more than Too per cent in the 
size of the seed, and also very large differences in the percentage of 
oil, 'when soy. beans are grown in different localities. It is evident 
that environment , as ' well as heredity, may affect tremendously the 
size of the seed and the quantity of oil stmed therein. It should be 
noted again, however, that the behavior of the^ four varieties of soy 
beans wns by no means the same when grown in different localities. 
■There seems 'to be one exception to this observation — namely, that 
the ' conditions at Pullman, Wash., were such as to produce in each 
case abnormally small seed. 

As' cotton does not thrive in a cool climate, it has not been practi- 
cable to study the development of oil in the seed under such a wide 
range of ' conditions as' in the case of soy beans. It can not be stated, 
therefore, whether the quantitiy of oil stored in the seed is subject to 
,as, 'Wide fluctuations as have been noted in soy beans. By reference 
to'Table Till it will be seen that in a 3-year' test all of The six vari- 
eties 'of ' cotton produced considerably heavier seed, containing a decid- 
edly lower' percentage of oil, when grown, in the Piedmont section of 
northern Georgia ' than when grown in the , Coastal Plain region of 
South '.Carolina. The increase ■in size of seed in northern 'Georgia 'was 
■not ■entirely offset' by the, decrease in :percentage , of',oii;.' 'SO 'that '/the 
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actual quantity of oil stored in the seed produced under these condi- 
tions was somewhat greater than in those grown in the Coastal Plain 
region. There was also considerable yearly fluctuation in the oil con- 
tent of the seed in both sections, owing to varying seasonal conditions. 
(See Table X.) As already noted, the uniformity in behavior of all 
the varieties of ‘cotton contrasts sharply with the varietal differences 
observed in soy beans. The average difference in oil content for the 
six varieties of cotton as grown in the two localities is greater than 
the varietal differences in either locality. 

OIT CONTENT OF SHED AS AFFECTED BY SOIL 

In dealing with the response of the plant to differences in the environ- 
ment, it is frequently sought to differentiate between the effects of 
climate and those ascribed to the soil. Climate, or the average weather, 
as ordinarily understood, refers to conditions of the atmosphere, of 
which temperature and moisture are perhaps the most important as 
factors of nutrition. But the soil is likewise subject to variation in 
temperature and moisture, and there must be a tendency toward equilib- 
rium in temperature and moisture between these two media in which 
the plant lives. 

It is true that under any fixed weather, or climatic, conditions plants 
grown on contrasted soil types may show well-defined differences in 
their development, but such relationships are subject to change with 
any change in the climatic factors. There is ample evidence to show 
that the differences in plant development observed on contrasted soil 
types during one season may be completely reversed in another season. 
Again, it is true that in extreme cases differences in climate may pro-' 
duce certain definite differences in plant development more or less inde- 
pendently of the soil type. Within ordinary ranges of soil and climatic 
differences, however, it is hardly possible to develop far-reaching gen- 
eralizations as to the specific effects of either independently of the other, 
for change of climate results in a change of soil conditions, and vice versa. 

In spite of the above-mentioned limitations, which must apply in con- 
sidering' soil and climate as environmentaT factors, it seemed desirable 
to obtain data as to the influence of differences in soil type on the accumu- 
lation of oil in the seed as produced under varying seasonal ' conditions. 
In the experiments with cotton six representative Upland varieties were' 
grown for three consecutive years (i909-i9ii)'at Thompsons 'Mills, Ga., 
on two adjoining btit contrasted type's, of soil, the, original lots of seed _ 
being used for each year’s planting.' For, convenience, these soil 'types; 
are designated as “red soil” and '“gray' soil,” respectively, :Both:, be- 
long to the Cecil series and were in a' good state of cultivation. , The' red- 
soil is a co'tnparatively heavy, tenacious clay,; while,, the gray soil is ;,an; 
open-textured sandy loam.' ' As all .of , the varieties were affected in a 
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similar manner, the results of the experiments as given in Table X are 
averages for the six varieties. 

Table X. — -Average oil conient of six varieties of cotton seed grown for three seasons on 
two different soil types at Thompsons Mills, Ga. 



1 tint 

■Weight of 1 
1,000 seeds. 

Hulls of 
seed. 

Moisture in 
kernels. 

, 1 

Oil in moist 
kernels. 

Oiliit 1,000 
seeds. 

grown. 

1 

Red 

soil. 

1 

Gray ] 
( .soil. 

1 

Red 

soil. 

Gray 

soil. 

Red 

soil. 

' Gray 
soil. 

Red 

soil. 

Gray 

soil. 

Red 

soil. 

Gray 

soil. 

Red 

soil. 

Gray 

soil. 


Per 

cent. 

Per 

cent. 

Gm. 

Gm. 

Per 

cent. 

Per 

cent. 

Per 1 
cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Gm. 

Gm. 

1909 

34.2 

35*3 

II 4 * S 

109.7 

41-3 

41.7 

4 - IS : 

4. 12 

37 - 69 

36.46 

24 . 2 \ 

22. 3 

1910 

32.6 

33-6 

121.5 

115.9 1 

40.3 

41.2 

4.08 1 

4. 02 

36. 67 

38- .53 

26.8 1 

26.4 

1911 

35*2 

36.0 

Iio.o 

107.4 

40. 8 

41-4 

6.50 

6 - 44 

37-41 

37-33 i 

24-4 

23*3 

Average. . 

34-0 

35-0 

IIS - 2 

XII.O 

40. 8 

41-4 

4.91 

4- 86 

37-28 

37*44 

25.1 

24-0 


Taking the average results for the three years, the red soil gave only 
slightly heavier seed, with a somewhat smaller proportion of hulls than 
the gray soil, and there was practically no difference in the oil content. 
Each year the seed was heavier and contained a smaller proportion of 
hulls on the red soil than on the light soil, but the case is quite different 
as regards the oil content. In 1909 the oil content was considerably 
higher on the red soil than on the gray, while in 1910 these relations were 
reversed and in 1911 the differences practically disappeared. In other 
words, the comparative effects of the two soil types depend on the seasonal 
conditions, and it so happened that there was a balancing effect for the 
three years covered by the experiment. 

Extensive data have been accumulated as to the effect of soil type on 
the oil coiitent of soy beans, but these data are too voluminous to present 
in detail, and only a summary of the results can be given here. In 191 1 
plantings of six varieties of soy beans were made on the two above-men- 
tioned soil types at Thompsons Mills, Ga. , and data were secured as to the 
relative oil content of the beans. The data given in Table XI ate the 
averages of three plantings, made on May 6, June 3, and June 21, re- 
spectively, for the six varieties designated as S. P. I. Nos. 17254, 17263,, 
178575 18227,, 19984,, and 20892. In 1912 five varieties were grown on 
'heavy "clay soil at the Arlington Experiment P'arm and on an infertile 
sandy 'soil containing a large percentage of coarse sand. The latter soil 
is composed largely of material dredged from the Potomac River and is 
designated' as Potomac Flats soil These two soils, are only about half 
a mile apart, so that the weather conditions during the growing, season 
were essentially the same. While, as stated,, five varieties 'were, used in' 
this experiment, data for only two of these, S. P. I Nos.' 30599 and 30745,, 
as a basis for comparison with the greenhouse experiment next described, 
are given in Table XI.. 



Dec. IS, 1914 


Oil Content of Seeds mid Nutrition of Plant 


243 


In addition to these field experiments with the soy bean, a number of 
tests on different soil types were made under specially controlled condi- 
tions. In the spring of 1912 the two varieties designated as S. P, I. Nos. 
30599 and 30745 were grown on the above-mentioned heavy clay and 
Potomac Plats soils placed in the greenhouse at the Arlington Experiment 
Farm. The two soils occupied adjoining portions of the same bench, 
received the same quantities of water, and were exposed to the same 
conditions of light, etc. In 191 1 and 1912 soy beans were, grown in differ- 
ent soil types contained in large earthen pots set into the soil. These pots 
consisted of glazed tiles 3 feet long and 18 inches in diameter. A per- 
forated bottom of concrete was set in each tile cylinder 3 inches f rom the 
lower end. The tiles were then set into the soil so that the upper ends 
extended 3 inches above the ground level. The cylinders were filled to 
the ground level with the different soils. Series of tiles were thus installed 
in the clay soil of the Arlington Farm and in the Norfolk fine sandy loam 
in the vicinit}^ of Manning, S. C. At each location one-half the total num- 
ber of cylinders were filled with the native soil and the second half with 
soil transported from the other point. In preparing the soils for the tiles 
the surface soil and the subsoil were collected separately and each lot 
very thoroughly mixed. In each case a sufficient quantity of the native 
soil thus prepared was shipped in bags to the other point, so that pre- 
sumably at each point there was a series of insulated cores of two very 
different soil types embedded in the native soil. Apparently the insula- 
tion from the surrounding soil should be practically perfect, except pos- 
sibly as regards temperature, and a special experiment, in which a cylinder 
was inclosed in a second one of much larger size and filled with the same, 
soil, indicated that the temperature of the surrounding soil had but little 
effect on that contained in the cylinder. The two soil types, of course, 
would be exposed to exactly the same weather conditions in any par- 
ticular locality. A second series of cylinders was installed at the Arling- 
ton Farm and filled with the native clay soil and with Hartford fine sandy 
loam from South Windsor, Conn. In 1912 an additional set of Gylinders, 
filled with the Potomac Flats soil, was used in connection with the first 
series. 

In the first series' of cylinders the .'variety designated as S. '.P,', L No.' 
17852B waS'Usedin 1911, while S.'P. I. -No. '32907 was, used in i9r'2. ■' In; 
the' second series S. P'. 1 . No. 217^5 was used. . ' The results of the various 
tests' with 'soy beans; are summarized in Table XI., 'Each test isnom-' 
plete in itself and of course can not be compared directly with the others, 
since,, with one exception, different varieties were 'Used and the climatic 
conditions were not the same.' The results of each separate' test: 'are 
based on data from a considerable number of individuals of each variety, 
usually' 50 to, loO', and in most, cases are.: the averages from 'several ''varie-',' 
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ties. In all cases where two or more varieties are a,veragecl the direction 
of the soil effect was the same for each of the varieties^ thoiigli tlie extent 
of this effect was not the same. 


Table Xl.—Oil content and related data of soy beans and peamiis grown on different soil 

types 



So:^'- beans. 

.heaniits. 

Locality* conditio'ns tinder 
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■q £ 
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U 01 
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'0 
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Thompsons Mills, Ga.: 











Field experiment— 

Gm. 

Cm. 

Gni. 

P. cL 

P. d. 

Gm> 

Gm. 

P. d. 

,p. d. 

it }}L 

Gray land 










26 T. 6 

Red land,., 



136.3 


21.68 



9.0 


Arlington, Va.: 







so. 70 


Field experiment — 











Arlington clay 



186.0 


19-85 

36.9 

27- .5 





Potomac Flats 


636. 0 

8. 02 


3 - 55 

47 * 54 


Greenhouse experiment— 

*01.0 


21.00 

411.0 



Arlington clay 

3225*0 

836. 0 

561.0 

184. 1 

169.3 


19. 88 

36.6 





Potomac Flats sand 

6. 10 





Pot experiments, Series I, 


9 a- 

o3 0 





igii — 

Arlington clay. 





A A i 




C* Y If ^ 

242*5 

Norfolk fine sandy loam . . . 


70.8 

^ 5-3 

4. 90 

lO 

■i /• 44 
16. 62 

y. u 

10. 8 


3.* 12 

"S . '1 ff 

49- 16 

Pot ' . experiments, Series 'I, 





O' 

251. 4 

igi2 — 

Arlington cla^''. 

90S. 0 
610.0 

657.0 

562.0 

68. 1 
89. 6 





3.00 

3-45 

50.25 

46.07 

240.4 
234 . 6 

Norfolk fine sandy loam. . . 

7 * 02 
7. 62 

55 

15-32 

12* 7 
13-7 

509. 0 

Potomac Flats sand 

Pot experiments, Series II, 

6S2.0 

416.0 

SS. 7 

7-36 

14- 89 

13*2 

473*0 

4,15 

46. 12 

218.1 

1912 — - 











Arlington clay. 

tS8. 0 

0 


7* 62 

t6. 

0 





Hartford fine sandy loam . . 

326. 0 

4S5, 6 

145 * 1 

7.36 

15-22 

22 '. I , 




Manning, S. C.: 







Pot experiments, Series I, 











I9'll — 











Arlington day, 


57 * 6 

9 «i- 1 

10 

16. 76 
16. so 

16 0 


- 


1 

Norfolk fine sandy loam , . . 


64.8 

87 ^ 

5 * OS 

X 4 -S 

4S0. s 

3 * 47 

<49. 97 
49. So 

1 233*0 

259, s 

Pot experiments, Series I, 






1Q12— 











'' Arlington day 

i 


<)" t 

6 tS 

! 

' 


3. 66 

47* 6:: 
47. 04 


Norfolk fine sandy loam. . . 

i 

06.3 

6. so 

x6.Ss 

^ 5 * 7 
16.2 


1' 79‘ 5 

— 

1 





These tests include a wide range of soil types and climatic coiiditioiiSj 
and the results as a whole emphasize the fact that the relative effects 
of different soil types are not specific and constant but depend largely 
on, seasonal 'Conditions, as was brought out in the experiments with cotton. 
The results in the field experiment at Arlington Farm as compared with 
those obtained in the greenhouse with the same soils illustrate this point. 
In the field test the plants suffered considerably from drought during the 
growing season, and here the sandy soil gave decidedly smaller beans and' 
higher relative oil content than the clay soil. In the ■ greenhouse the 
difference in . size of beans largely disappeared, while the clay loam' gave 
a somewhat, higher percentage of oil than the sandy soil,. In the pot 
expeiiinents at Arlington,' Farm .the lighter soils gave somewhat ' larger 
seed with lower percentages' of' oil than ,the^ heavier, clay 'soil, " but af 
Manning., S. C.', there were no significant differences. ■ .' . ■ 
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lixperimeiits similar to those with soy beans were made with the pea- 
nut of tlie variety known as Spanish, and the results are given in Table 
XL Tlie effects produced by the different soil types are of the same 
general character as with soy beans, although the behavior of the two 
species under similar conditions is not always the same. In 1915 a series 
of pot cultures witli .the sunflower were carried out at the Arlington 
Farm in tlie same manner as described for soy beans, using a number' 
of different soils in the test. The weights in grams per 1,000 seeds as 
grown ill the Arlington clay, Norfolk sandy loam, Potomac Flats soil, 
Norfolk sand, and the so-called Henning sand were 90.5, 73, 79.5, 
564, and 52, respectively, while the corresponding percentages of oil in 
the kernels were 5'i.25, 50.30, 55.70, 51.26, and 49.10. In this case soil 
differences brought about very marked differences in size of the seed, but 
the variations in relative oil content were less decided. 

OIF CONTENT OF vSEED AS AFFECTED BY CLIMATE 

On comparing the data given in Table IX with those in Table XI it 
becomes apparent that the variations in the, size of seed and the oil con- 
tent of soy beans attributable to differences in soil type are far less than 
those observed when both soil and climate differ. The same relation- 
ship's are observed in cotton seed, as shown in Tables VIII and X. These 
results are interpreted as indicating that under practical conditions 
climate is a more potent factor than the soil in modifying the size of seed 
and its oil content. The most probable explanation is that the atmos- 
phere is subject to greater and more rapid variations in moisture and 
particularly in temperature, and also that the “soil climate” is greatly 
influenced by the weather conditions. ■. Temperature and moisture 'differ- 
ences of both soil and atmosphere are among the important factors of 
environnient which may influence the plant characters under study, and 
this factor-complex must be at least partially analyzed before satisfactory 
conclusions' can be reached as' to the 'principal external factors concerned 
,in oil foimation, in the plant. ' ■ . " 

' OIL CONTENT OF SEED AS"'AFFECrED B'Y FERTILIZERS , 

, The experiments with ■, different, soil types .previously. des,cribed have 
included soils, varying greatly.' in, fertility, as indicated by the comparative 
growth of the plants shown in Table XII, and ' the results, as^ a, whole 
show :' that ■ within the' limits ordinarily ■ met with in farm; practice the. 
relative , fertility, of." the 'soil does not very greatly . influenGe , the size of 
the seed or its' oil ' eontent. A large number of fertilizer tests with; cotton, 
were carried out at Lamaf' and, Timmonsville, 'S. ,C., in 1909,, .i..9,io, and 
i9ii,';'to obtain rno.re accurate, inform'ation as'to the effects, of 'fertilizers. 
'Ott.'t'he size.,.,and .oil co,ntent'of the; seed. ^The;,,data'are.■t'oo''■voluminotis;;^ 
to, present in detail, but in' Table :XI,I a summary' of the results for 1911 
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is given. In each series the results are averages of duplicate plots^ 
except for the controls, which represent the averages for four plots in 
eacli case, ail plots being one-fortieth of an acre in area. The tests in 
1909 and 1910 included plots receiving four different quantities of nitro- 
gen, four of phosphoric acid, and three of potash. Dried blood, acid 
phosphate, and ixiiiriate of potash were used as fertilizers. 

Tablu XII .: — Results of tests with cation at Manning, S. C., io deiemiine the injlueme 
of fertilisers on the oil content of the seed 


Plot series 
No. 

Plant food elements applied per 
acre. 

yield of 
seed cotton 
per acre. 

Lint. 

Weight 
of 1,000 
seeds. 

Hulls of 
seed. 

Oil in 
kernels. 

Nitrogen. 

Phosphor- 
ic acid. 

Potash. 


Po-unds- 

Pmmds. 

Pounds, 

Pou'iids. 

Per cent. 

Gm. 

Per cent. 

Per cent. 

2 

0 

0 

0 

530 

36, 2 

118 

47. I 

33 - 56 

2 

30 

90 

20 

1,070 

37-6 

130 

44-9 

37 - 48 

3 

60 

90 

20 

880 

34.2 

130 

45-0 

33 ‘ 8 s 

4 ■ 

0 

0 

0 

525 

36-9 

120 

46. 8 

32 - 99 

5........ 

30 

90 

40 

Ij265 

35-9 

' 135 

44*3 : 

38.07 

6 '.,.'.. . .. . 

60 

go 

40 

1,410 

34-4 

139 

43-9 

36.40 

7.'....... 

0 

0 

0 : 

483 

36-9 

I 2 I 

47-3 

34. 38 

8 

SO 

go i 

60 

1, 160 

35-9 

134 

45. 8 

38. 86 

9 

60 ■ 

90 : 

60 

1,320 

34-6 

137 

44. 0 

36. 78 

20,. 

. 0 

0 

0 

I 502 

36. 1 

122 

47-6 

33-49 

21 ,. 

30 

150 

60 

I 1,030 

35-8 

136 

43. 2 

38.60 

12 

30 

ISO 

40 

1 1,090 

36. 1 

136 

44 * 7 

37-48 

13 ........ 

60 

150 

40 

i 1,220 

35-2 

I3B 

43.6 

36. 6s 


The soil used' in 191 1 was very poor, as shown by the large increases in 
crop yields produced by the complete fertilizers. The addition of all 
three elements, nitrogen, phosphorus, and potassium, combined in vary- 
ing proportions, gave in all cases considerably heavier .seeds, with a 
smaller percentage of hulls and a higher oil content in the kernels bs 
compared with, the controls. With respect to the varying quantities of 
the' three fertilizer elements, increased applications of nitrogen had no 
appreciable effect on the weight of the seed and only a slight effect on 
the percentage of hulls, but lowered considerably the oil "Content of the 
kernels. Increased ' applications of .phosphorus, and potassium did not 
' materi.ally affect any of these characters. 'The tests of the two preceding, 
years g,ave similar results. ' 

Pot-cuiture tests were' made in 1911 with' the Peking variety of soy 
beans, using the tile cylinders, ■ previously ' described, filled with , the 
Arlington clay soil. In "a series in which ' phosphorus and, potassium 
in a fixed ratio; were, added in three' , different' quantities,' the yields of 
beans' were greatly increased and', The' 'weight: ;of Ahc ' '.se'ed^was,;:B:ot 
changed, while, .the oil content was increased about '20 per cent. ' With 
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the addition of phosphorus alone, very much the same results were 
obtained; but with the addition of potassium alone there was only a 
small increase in yield and practically no increase in oil content. In 
similar tests with Spanish peanuts phosphorus gave a large increase in 
yield and slightly increased the weight of the peas, but had no effect on 
the oil content. Potassium had practically no effect on the yield, the 
weight of seed, or the oil content. 

SUMMARY 

Experiments with soy beans have shown that, except for the period 
immediately following blooming and that directly preceding final matu- 
rity, there is a fairly uniform increase in oil content, both relative and 
absolute, throughout the development of the seed, and no evidence was 
found that there is a critical period of very intense oil formation at 
any stage of seed development. Tests with cotton likewise indicate 
that the increase in oil proceeds somewhat more rapidly than the in- 
crease in the weight of the seed. 

As a consequence of the physiological relationship of oil to carbohy- 
drate, it appears that maximum oil production in the plant requires 
conditions of nutrition favorable to the accumulation of carbohydrate 
during the vegetative period and to the transformation of carbohy- 
drate into oil during the reproductive period. As a special phase of 
this relationship between carbohydrate supply and oil formation in soy 
beans, it was found that when the normal distribution of the vegeta- 
tive and reproductive plant parts was modified by partial defoliation 
(50 to 60 per cent) the yield of beans was decidedly reduced, but the 
size of the beans and their oil content were only slightly affected, except 
in the case of an early-maturing variety. On the other hand, the re- 
moval of a portion of the blossoms or young pods caused a notable 
increase in the size of the beans allowed to develop, but did not mate- 
rially affect the percentage oil content. 

There is always lack of uniformity in the size of the seed from an 
individual plant; but it was found that there was no correlation be- 
tween the size of the seed and the percentage content of oil 

Some varieties of soy beans show a marked tendency to shorten the 
time required for reaching maturity when planted late' in the . season, 
but no ' correlation; was found between the date of planting and the 
size of the seed or their oil content. These properties appear to be 
influenced more by the character than^ by the length of the growing; 
period. 

Different varieties of soy^ beans grown under the same conditions' 
showed marked , differences' in oil content and very , great' differences. 
In „ size of the seed,.' '.Although "different varieties of cotton '.'showed' ''de-.' 
cided differences in. the size of 'the seed, there was very little 'd.iffere'nee. 
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in the percentage oil content. The different varieties of soy beans did 
not respond alike to changes in seasonal conditions. 

In tests with several varieties of soy beans grown under a very wide 
range of conditions there were found differences of iiiore ihati coo per 
cent in the size of the beans and very large differences in oil con- 
tent. Here, again, the different varieties were not affected alike by 
changes in ■ the environment. It was not practicable to grow cotton 
tmder such diverse conditions, but the difference in oil content of the 
seed as grown in the Coastal Plain and the Piedmont regions of the 
South was greater than the varietal differences when grown in the 
same environment. All Amrieties respond very much alike to changes 
in the environment. 

Because of the interdependence of soil and climate with respect to 
temperature and water supply it is difficult or impossible to develop 
far-reaching generalizations as to the specific effects of either inde- 
pendently of the other on plant development. Six Upland varieties 
of cotton were grown three consecutive years on adjoining but contrasted 
soil types in northern Georgia. Each year the clay soil gave heavier seed 
than the sandy loam, but the relative oil content on the two soil types 
varied from year to year. In experiments with several varieties of soy 
beans only small differences were obtained in the size and oil content of 
the seed grown on these two soil types. ' Similar results were obtained 
with peanuts. Field experiments with soy beans and peanuts on sharply 
contrasted soil types at Arlington Experiment Farm, Va., and Aucinity 
gave more decided differences in size and oil content of the seed. A 
number of tests with soy beans, peanuts, and sunflower were carried 
out also on different soil types under controlled conditions, using for 
the purpose large earthen pots set into the soil. The various tests were 
carried out tmder a wide range of soil types and climatic conditions, and 
the results .as a whole emphasize the fact that the relative effects of 
different soil types are not specific and constant, but depend largely 
on seasonal conditions. 

From the data in hand it is concluded that under practical conditions 
climate is a more potent factor than soil type in controlling , the size 
of the' seed and its oil content, probabl}^ because those conditions of the,, 
atmosphere ' Avliich constitute the climate largely control the corres-' 
ponding conditions of' the soil. 

Within ordinary Emits the relative fertility of the soil appears to be 
a minor factor in influencing the size of the seed and its oil content. • In 
fertiHzer .tests Avith cotton the' addition of a complete fertilizer " to an 
unproductive', soil gave larger seed and a considerably 'higher percentage 
„ of , oil, '' Applications of nitrogen in increasing qiiantities'/cEd, not ' affect 
the size, of the seed, but low'-ered the ''percentage of' oil, 'while increasing 
applications of phosphorus, 'or po'tassium, did' not affect either, character. 
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111 pot-culture tests with soy beans the addition of phosphorus did not 
change the size of the seed, but increased the oil content. Potassium 
was without decided effect. In similar tests with peanuts neither phos- 
phorus nor potassium affected the oil content. 
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PRELIMINARY AND MINOR PAPERS 


STUDIES IN THE EXPANSION OF MILK AND CREAM 

By H. W, Besarce/ 

Assistant Physicist, Bureau of Standards, Department of Coninierce 

|A report on a series of experiments conducted for the Dairy Division, Bureau of Animal Industry} 

INTRODUCTION 

On May 27, 1913, the Dairy Division of the Bureau of Animal 
Industry requested the Bureau of Standards to determine the coefficient 
of expansion of market milk, single cream, and double cream. It was 
thought that the examination of a few samples of each would be suffi- 
cient to serve the purpose. Subsequent observations, however, showed 
that this was not the case. The wide variation of the rate of expansion 
of the samples first examined made it apparent that a much greater 
number of samples would be required than had been anticipated. The 
results here published are therefore the outgrowth of what was originally 
expected to be only a very few determinations. 

OBJECT OF THE WORIC 

The principal object in undertaking the work was to determine the 
change in volume which occurs when the temperature of a given volume 
of milk or cream is changed and from the rate of change of volume to 
construct a table of relative volumes of milk and cream at various 
temperatures. For example, when milk is pasteurized and put into 
containers at a high temperature, it is sometimes desirable to know 
what volume of milk must be measured out at that temperature, in order 
that it may occupy a required volume at some standard temperature. 

In the enforcement of the pure food and drugs laws by the Bureau 
of Chemistry it is held that a container shall have its full nominal capacity 
at 20^ C. (68^ F.) — that is, a container labeled as holding i gallon must 
hold 231 cubic inches at 20® C, For the sake of uniformity and also 
because 20^^ C. is a reasonable and convenient temperature, it has been 
chosen as the basis of the table of volumes of milk and cream published 
herewith. The samples' of cream submitted by , the' Dairy ; Division' 
were prepared from mixed herd milk produced at the Dairy Division 
Experiment Farm, Beltsville, Md. The percentage of fat was deter- 
mined in each case by the Babcock test, and the samples are believed 
to be normal cream for the stated percentages of fat.^ 

METHOD OF determination 

The principle employed in determining the rate of expansion was to 
measure the .change of density, with change of tenipe,rature'' ''.and'. . from/, 
that to calculate the change in volume. 


^ Tlie author would acknowledge Ws iudebteduess to Miss Alice Purintou, formerly of the Bureais of 
Staudards, and to Mr. E. D. Feffer for assistance rendered in the work. 

^These sampleswere prepared and the fat determinations made by Mr. R. H. Shaw, of the Dairy 
Division. 
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The density determinations were made by what is commoiiiy known 
as the method of hydrostatic weighing. By this method a sinker or 
plummet of known mass and volume is suspended in the liquid under 
examination and weighed. The density of the liquid is then, calculated 
by means of the equation 


* - - 

in which 1)^'== density ^ of the liquid at the temperature i; 
= weight of sinker in vacuo; 

Tf; — apparent weight of sinker in liquid; 

/>==■■ air density; 

8.4= assumed density of brass weights; 

Vt = volume of sinker at temperature t. 


This method of determining densities, though very accurate when used 
tinder suitable conditions, is open to criticism when applied to a non- 
homogeneous liquid, such as milk or cream. There is, of course, a con- 
stant tendency for the fat of the sample under investigation to separate 
■out' and rise to the surface and for the heavier components to sink to the 
bottom. The density of a nonhomogeneous liquid determined by this 
method' will therefore tend to be too -low if the sinker is suspended near 
the surface of the liquid and too high if -suspended near the bottom. 
'The difficulty, however, may be largely overcome by the frequent stirring 
of the sample and still more effectively .by the use of a sinker of such a 
length as to reach nearly from the top to the bottom of the liquid. The 
average density of The displaced liquid will then be nearly the same as 
the average density of the whole mass. of liquid, and the density deter- 
mined will be nearly the average density of the sample. 


BBSCRIPTIOK OF ..\PPARAT'US 


■ The apparatus employed in making the density determinations is de- 
scribed in publications of the Bureau of Standards.- Its essential parts 
are as follows: 

, The sample to be tested is placed in a tube surrounded by a water 
bath kept in constant circuktion. This bath is in turn surrounc'led by 
another, which is also kept in constant circulation. The temperature of 
theouter bath may be kept constant or varied at willb'y the adjiistiiient of 

the energy tliroiigh an electric heating, coil and. by the 'flow of refrigerat 

mg brine in, a coil, arou,nd which the water in the bath may be made to 
circulate. A^vSinker of , known mass and volume is suspended from 'one 
arm of a sensitive balance placed above' the other apparatus. The tem- 
perature is' read from two mercury thermometers placed hr water in 'a 
second tube similar to that in, which the sample is placed, the tw^'O tubes 
being, placed, sid,e by side within the. inner circulating bath. """The ther- 
inometers are suspended from a movable, cover, which may be rotated 'to 
bring them successively into position for reading. "■ ' 


iS'Used to denote 'the masa per.imit 'o,f 'voluroe., and is ex- 
deusities.are. .therefore nmnericaiiy 'the same as spedEc ..isravities, io 
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METHOB OF PROCKDIB^lE 

The sample of milk to be investigated is placed in the containing tubCi 
the sinker immersed, and the tube placed in position in the temperature- 
control bath. The temperature is then brought to the point at which 
thC' density is first to be measured and is allowed to remain^ constant 
until the apparatus reaches a condition of temperature equilibrium. 
Observations are then begun. First, a weighing is made with the sinker 
immersed in the sample and suspended from the arm of the balance. 
Then the temperature is read on each of the two thermometers; next, the 
sinker is detached and a weighing made with the sinker off, but with the 
suspension wire still passing through the surface of the liquid. The 
difference between these weighings is the apparent weight of the sinker 
in the liquid at the temperature of observation. The object of making 
the second weighing with the suspension wire still passing through the 
surface is to eliminate the surface-tension effect on the suspension wire. 
In order that the suspension wire may be kept straight and in position 
whether the sinker is attached or not, a small secondary sinker is kept 
suspended at all times, and the large sinker of known mass and volume 
is attached to that. When not attached, the large sinker rests on the 
bottom of the tube and remains standing in an upright position. Imme- 
diately after the weighing with the sinker detached, a second weighing is 
made with it again attached, after which the temperature is again 
observed on the two thermometers. 

The observations at each point therefore consist of two weighings with 
the sinker attached, one weighing with it detached, and two readings 
on each of two thermometers. The reason for making two w^’clghings 
with the sinker attached and only one with it detached is because in the 
former case a slight change of the temperature of the liquid will make 
an appreciable change in the weighing, on account of the large volume 
of the immersed sinker, while in the latter case the change is not appre- 
ciable. 

After completing the observations at one point, the temperature is 
changed to the next one in the series and the process is repeated in the 
same order. ' 

' ■ i 

TEMPERATURE RANGE OF- BENvSiTY DETERMINATIONS . ■ , , j 

At the beginning of the work it was intended to cover the tempera- 
ture range from to 50"^ C., but the rate of expansion at low tempera-' , 
tures was found to differ so much from the rate at higher temperatures 
that the expansion over the entire range could not be expressed by a 
simple equation. This is especially true of samples having a ,low; fatT ,, 
content.. In certain samples a point of maximum density was' found 
at, a temperature in the region of 5® C. ■ - This is what might be expected— ; '' 
from the similar behavior , of water. ' In the samples containing.'higher ,' , 
percentages of fat the point of maximum density was not found, but 
the'.'rate of expansion : was noticeably less' at the low than'''at,the';liigh,v:: 
temperatures. 

The rate of .expansion, was especially desired at the' higher.,,' temperaA','^^^ 
tures, and since' it'was found' that, the results.'at 
20*^ and 50® 'C. could be: w.ell expressed by a simple equation, it was de- 
ci'ded to 'Cover; only "^this temperature range, and when approximate' 
results are , desired ' beyond ,■ this.'Taiigev to,;.'ex.tmpolatA^ 
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over the range covered. The values at the lower temperatures obtained 
in this way will, of course, not be as near the truth as would be the case 
if density determinations were made at the low temperatures; but, on 
the other hand, to include determinations at the lower tetiiperatiires 
would render less accurate the reduced values at tlie higher tempera- 
tures— that is, the assumed equation would not come so near expressing 
the actual rate of expansion over the temperature range where accuracy 
is most desired. For that reason in making the “least squares'’' rediio 
tioii of the observations at the various temperatures, only the observed 
densities at 20^, 30°, and 50^^ C. were considered. 

CALCULATION OF l^ESULTS 

After completing the observations given in Table 1 at as many points 
■as desired, the density at each point was calculated, and from the density 
values at the different temperatures the rate of change was determined. 

For convenience in calculation it was assumed that the rate of change 
of density with change of temperature could be expressed with sufficient 
exactness by means of an equation of the form 

iiiwhich 1)^==== the density at any temperature 

Da; — the density at some standard temperature 
7* — constants to be determined for each sample investigated; 

In practice it was found that for certain temperature ranges the 
expansion Avas represented within the limits of experimental error, by 
the above equation, with all terms above the second power omitted. 
By means of a “least squares” method the observations on each sample 
given in Table I have been reduced and the calculated values of Dx, 
and\8 are given in Table IV. Observations and calculations of density 
for an average sample of cream are given in Table IIL It will be seen 
.from, the closeness of the agreement between the calculated and the 
observed values of the density at various temperatures that the assumed 
equation comes very near expressing the actual rate of expansion of the 
different samples' at the time the density determinations were made. 


Tables I . — Observed densities of milk and cream 


, Date, 

I' at con- 
tent .'t 

Temper- 

ature. 

Density. 

1 iXate, 

Fat con- 
tent. 

Temper-' 

ature, 

Density, 

1913. ' 

Per cent. 

'’C. 

G./c. c. 

1913. 

Per cent. 

''C. 

G.lc, c. 

, ' , 

' 0. 025 

0 

1.0381 


3 - 5 

0 

X, 0362 


.025 

10 

X. 0368 

Tune; ^ 

3 - 5 

10 ' 

1. 0348 

Julv X2 . . 

. 025 

20 

I- 0356 


3 - 5 

20 

I. 0320 


.025 

30 

X, 0322 


3 ‘ S 

30 

1. 0284 


. 025 

40 

I. 0284 






' • 025, 

50 

I. 0236 


r ^ 








3 - 5 

20 

I. 0311 


2 . 5 

■ 0 

I. 0348 

June 7 

3*5 

' $0 

I., 0290 


2.3 

5 

n 0343 


i 3 - 5 

4O' 

I. 0237 


2.-S 

10 

' D 0348 





July 11 . 

‘ 2. 5 

20 

I. 0317 



■ 20 

! I, '03x4 


, 2. 5 


I. 0292 

Nbv. 19 . . . . . . 

J 3 -S 

,30 

1 I., 0279, 


■2. 5 

40 

I. 0258 


1 " 3 - 'S’ 

I '' ' '40 

! 'I. '0238 


1 2. 5 

' 50 

1.0212 


i 3’ 5 

!■ ■ ^'30 

I. 0x91 


» The percentages of fat here .given are' as reported by the' Bureau of Animal .ladustry at the time the 
samples were prepared. 
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Table I . — Observed detvsilies of milk and cream — ( 

Fat con- Temper- density. Date. 

tent. ature. 


cream — Contimied 




July 10. 


Atig. 26. 


Nov. 19. 


Per cent, 

f 5 


Aug. 2$, 


Aug. 26, 


G./cc. I 
I. 0344 I 
I. 0357 

I - 0353 

1. 0322 
I, 0299 
I. 0217 
I. 0171 


June 27, 


Nov. 20. 


June 26. 


Nov. 20. 


Nov. 21. 


I. 0256 
1.0216 
1. 0170 

I. 0114 June 26. 
I. 0061 
X. 0028 


1. 0x12 „ 

1. 0061 
1,0011 


I, 0242 
X. 0208 

X. 0137 June 7 . 


June 25. 


Aug. 26. 


Per cent 
2$ 
25 
2 $ 
25 

2S 


G.jc* c, 

I. 0136 
I. 0070, 
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CALCULATION OF RELATIVE VOLUMES 

After having determined the density of the several samples of milk and 
cream at the various temperatures, the observations for each sample were 
reduced by the method of least squares, as already stated, and the 
value ' of D350, or, and [i determined for each sample. The values are 
shown in Table IV. The method of reducing the observations to 
obtain constants in the assumed equations-^namely, values and 

^ — is as follows: 


Dt == A.r. -f - 35) + - 35 )^- 

(Q == i ^ C, - C/ ~ (Dt),n.) 

+IC,,I^C - IC,N.) 

+ ICJp - IQN. 

5ooar + o= —0.1990. 

0 + 40,000/?= —0.140. 

'a — —0.0003 98. 

/?= —0.0000035. 
jr 2 

n 

X^,= density at mean temperature — D350. 

= mean of densities, 
number of observations = 4. 

R-m ^ ^ Rm I 

Dggo = I .02995 + 0.00044 = I .03039. 

A ~ As® + ^ (^ — 35) + ^ (^ ~ 35)^* 

1 .03039 - 0.000398 (t - 35) - 0.0000035 (t - 35)^ 


Calculation for Dt 


0.025 butter fat (skim milk). 


t 

Cl 


Cs 

CiO, 

C22 

Dt 

.V 

CiN 

CsAT 

' 

"C. 










30 ' , . 

,-~i 5 

22s 

4-100 

— t, 500 

10. 000 

1.0356 

4-0. 00565 

— Q, 0847s 

4“0. 565 

30 

- 5 

25 

—100 

4- 500 

10. 000 

2.0322 

4 ' .00235 

— .02235 

— .225 

40 ....... . 

+ s 

25 

~soo 

— sou 

10.000 

1. 02S4 

- .00155 

- .00775 

+ . 255 

SO i 

-fis 

235 

4-100 

4-1.500 

10. 000 

1.0236 

-- .00635 

- .09525 

— -635 

35 


4)500 


0. 000 

40. 000 

2. 03995 


. 29900 

■140' 





■ 1 




0.025 per cent butter fat (skim milk). 


" 1 

/“35 


a (t’-ss) 

^ «-3S)* 

Dt (observed) 

! Dt (calcti-' 

, lated. 

Obs.— cal. 

20 . 

*“15 

225 ^ 

4-0.00597 

— 0.00079 

2.0356 

1.0356 

6 

.30 

~ s 

25 

4 - .00189 

— .00009 1 

1.0322 

1.0322 

0 

40*. 

4 - 5 

25 

— .00189 

— .'00009 

1.0284 

2.02S4 1 

0 

SO..., 

! 

22s 

- .00597 

— .00079 

1.0336 

2-0236 

■ 0 
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Tabi^B II . — Densities of fmik and cream corresponding to various percentages of fat 


Percentage of fat. 




a 

g 


Sp. gr. 

Sp. gr. 

Sp. gr. 



0. 025 

1.037 

1-035 

1.030 

— 0. 00040 

—0 . 000005 

I. . . . 

I, 036 

1.034 

I. 029 

. 00040 

. 000004 

2 

5 - 035 

=t -033 

I, 028 

, 00040 

. 000004 

3 ---* 

I. 034 

I. 032 

I. 027 

. 00041 

, 000004 

4 

I. 032 

I. 031 

I. 02s 

. 00041 

. 000003 

5 

I- 031 

I. 029 

I. 024 

. 00041 

. 000003 

6 

I. 030 

I. 02S 

I. 022 

. 00042 

. 000003 



I. 029 

I. 027 

I. 021 

. 00042 

. 000002 

8..^ 

I. 027 

I. 026 

I. 020 

. 00043 

. 000002 

9 

I. 026 

I. 024 

I. 018 

. 00044 

. 000001 

10 

I. 025 

I, 023 

I. 016 

• 00045 

. 000001 

II 

I. 024 

I. 022 

I. 015 

. 00046 

. OOOOOQ 

12 

I. 022 

I. 020 

1. 013 j 

. 00047 

. 000000 

n 

I. 020 

I. 019 

I. 012 

. 00048 

. 000000 

14 

I. 019 

I. 017 

I. 010 

. 0004S 

-f • 00000 1 

3^5 

I. 018 

I. 016 

I*. 009 

. 00049 

, . 00000 1 

16 

I. 017 

I. 015 

I. 007 

, 00050 

.000001 



; 1. 016 

I. 014 

I. 006 

. 00051 

. OOOOO2 

18 

I. 015 

I. 013 

I. 005 

. 00052 

. 000002 

^ 9 - 

i 1. 014 

I. 012 

I. 004 

. 00052 

. 000002 

20 

1 013 

I. on 

I. 003 

• 00053 

. 000003 

21 

1. 012 

I. 010 

I. 001 

. 00054 

. 000003 

22 

I, on 

I. 009 

I. 000 

.00055 

. 000003 

23 

I. 010 

I. 008 

•999 

. 00057 

. 000004 

24 '• • • . 

I. 009 

I. 007 

.998 

. 00058 

. 000004 

25 

I. ooS 

I. 007 

•997 

• 00059 

.000004 

26 

I. ooS 

I. 006 

.996 

. 00061 

. 000005 

27. 

I. 007 

I. 005 

•994 

. 00062 

. 000005 

28 

I. 006 

I. 004 

•993 

. 00063 

. 000005 

29 

I. 005 

1.003 

.992 

. 00064 

. 000005 



I. 004 

I. 002 

.991 

. 00065 

. 000006 

31 

I. 003 

1. 001 

.990 

. 00066 

. 000006 

32 

1.002 

I. 000 

.989 

. 00067 

. 000007 

33 '--* 

I. 001 

‘999 

.988 

. 00068 

. 000007 

34 

1. 000 

.998 

.986 

. 00069 

. 000008 

35 

*999 

.998 

.985 

. 00071 

, 000008 

3 ^‘-- 

•999 

•997 

.9S4 

. 00072 

. 000008 

37 *- 

.998 

.996 

•9% 

. 00073 

. 000009 

38 

• 997 

•995 

. 982 

. 00074 

.000009 

39 

.996 

•994 

. 981 

.00075 

000009' 

40 

•995 

• 993 

. 980 

. 00076 

, oq'oqio" 



TabI/^ llX^’—SomiptB set of obsetvations — creuftp contoifiing sg per cent offai 

{Samples received Nov. 19* observations made Nov. so, 1913] 
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Integral 

tem- 

perature. 

0 0 0 ’ 0 

« CV) rf WI 

1 

1 Density 
0! liquid 
reduced 
to inte- 
gral de- 
grees. 

Tt vO 0» OO 

«>. ’^f* 0 

M Q Oi Os 

00 Os Os 

MW 

Correction 
to reduce 
to inte- 
gral tem- 
perature. 

Or}* Os rb 

Th w 5 0 

0 0 0 0 

00 0 0 

0 5 q q 

d ' 

4 - + 1 + 

Density 
of liquid at 
observed 
tempera- 
ture. 

'fli* 00 xo 

(.VJ so 0 

0 'O H 

w 0 C^ OS 

00 Os Os 

W H 

1 

Volume. 

m evi 0 

U fO rf no ^ % 

(j ' <**» !>. r*, 

■ci- rf rf Tf 

Dis- 

placed 

liquid 

weight. 

t— XTi Cx. 

. SO Os H Os 

g 0 • rj- M 

Ijjl CM 00 xo ro 

06 ' w lA 

>«1* rf rjr Tf 

Weight 
of sinker 
In vacuo. 

00 0 0 

f CO CO CO cO 

g VD ‘O 0 so 

Os 0 -. Cs CS 

c 5 s Os Os OS 

Os Os Os Os 

Cor- 

rected 

weight. 

CO XO CO SO 

. so fo H ro 

g LO w Cs rf 

!>. W CO so 

H W d ci 

IT) m LO m 

0 » 

5 >» 

*0 p 

U M 

< 

Ov 

W CO CO rj* T}* 

. w r**. c*. cn. f... 

goo 0 0 0 

^00 0 0 0 

^ i‘ \ f r 

Apparent 

weight. 

W 0 so 0 1090 M CJ »>- 000 

fOrtco OHO wsooO stOO H 

. sOsOsO CMdCSf OOsOs lort-lo 

g r-C's.e-* mhh “^coco sOsosO 

^ mhm cmwcs oidd wdd 

uotoxo. miotc loioxo ijoxovo 

Balance 

readings. 

rf tnm OOto sooOsO OOO 

cosO W xotOfO OsOrt sOOcM 

. OswOs. Oh.w, rtoio 

g CONOCO. w iOH 00 XOOO 

^ wcdw weoH wcbw. debd 

, tooo CO COOO CO coco CO cooo CO 

d 

S 

S 

1 

i 

t' 

, t 

8 ' 

CM rt* . . . Ci> w ' .C** CM 00 

^ to wo , , CM. CM 00 . OQ, 0 0 

0 do do dsd. do 

01 CM OOCO^ . COCO^ 

ILO CM 00 0 

■■OSO^ 00^' Wro^ HOs& 

•w>in '*'» CMw'^ 0000 ^ 00^ 

0 do d <5 ds ds do 

Ci CO CO CO CO 10 'xo 

T 3 

1 

OJ 

.0 

0 

i ‘ CMH^ ?>O00 - oaOCMOO- 

1 ^ 0 rj* 10 ■ CM CM - 0 00 <N. • CO . 

tcj'^ddd’ odd'' ddsd.* S ' 6 6 6 1 

i^. CMCi' COCO- ,4.,roco* .jxoxo- 

i^-i- ;; : ‘ ’ o* 

;; , • , c . * 0 

^ ' p. ’ ■ d d ^ , ■ d 

•* & Sp' ^ — 

' '0 0 2 4 'cortso i3' so CO' 'rt' CM 2 

g* lotoo CM CM 41 SO 0 00 C 50 ' aJ ' ' CO q 0, m '5 

' G ^ 'O d d'^ 0 d d^ , ■'^ ■d' dvds^ 'S.9'd d'5' 

■ . CM Ct<e' COCO< 1 , nq co %<3 ■ . 

fe: 2 ’" 


In tlie column headed “Air buoyancy,” 0.00119 is the air density and 0.0073 gm. is the buoyancy correction to be applied to the apparent weight. 
Number of the thermometer used. 

Corrections for tempemture. 
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Tabi.B IV . — Observed and calculated densities of milk and cream at different temperaiures 
and with different percentages of fat ^ 


Fat 

content. 




Tempera- 

ture. 


Observed. 


Du 


Calcu- 

lated. 


Observed 

minus 

calcu- 

lated. 


Per cent^ 

0.025 • 

2. S ... 

3-5 


7*5 


7*5 


10. 


15 


JS 


I. 03039 


I. 0276 


I. 0259 


I. 0259 


I. 02x4 


I. 0229 


I. 0206 


I. 0174 


I. 00S6 


I. 0086 


I. '0023 


-o. 00040 


- .00035 


. 00041 


. 00053 


. 00042 


. 00038 


. 00042 


“O, 000004 


— . 000005 


. 000003 


. 000006 


. 000004 


. 000005 


. 000003 


. 00045 1 ’ 


. 00048 i -f- . 000006 


. 00050 


. ,00052 , !' -f 000002,' 


20 

30' 

40 

so 

20 

30 

40 

50 

20 

30 

40 

50 

20 

30 

40 

50 

20 

30 

40 

50 

20 

30 

40 

50 

20 

30 

40 

50 

20 

30 

40 

SO 

20 

30 

40 

50 

20 

30 

40 

SO 

20 

30 

40 

50 


I- 0336 
I. 0322 
I. 0284 


I- 0317 
I. 0292 
I. 0258 
I, 0212 

I. 0314 
I. 0279 
I. 0238 
I. 0191 

I. 0322 
I. 0299 
I. 0217 
I. 0171 

I. 0268 
I. 0235 
I. 0192 
I. 0144 

I. 0274 
r. 0246 
I. 0209 
I. 0159 

1, 0261 
I. 0226 
I. 0184 
I. 0136 

I. 0242 
I. 0197 
I. 0152 
I. 0106 

X. 0170' 
I. 0,114 
I. 0061 
1. 0028 

I. 0161 
I. 01x2 
I. 0061 
I. OO'II 

1. 0106 
I. 0052 

•9995 

.9950 


I- 0356 
I. 0322 
I. 0284 
I. 0236 

I. 0317 
I. 0292 
I. 0258 
I, 0212 

I. 0314 
1. 0279 
1.0238 
I. 0191 

I. 0327 
i .’0285 
1. 0231 
I. 0166 

I. 0268 
I. 0234 
I. 0193 
I., 0144 

I. 0274 
I. 0247 
I. 0208 
1.0159 

I. 0261 
I. 0226 
I. 0184 
I. 0136 

I. 0242 
I. 0197 
I, or 52 
I. 0106 

I. 0171 
I. 01 1 1 
I. 0063 
I. 0027 

I. 0161 
I. OIII 
I. 0061 
I. 0011 

1. 0107 
1. 0050 
. 9997 
■9949 


o 

o 

o 

o 

o 

o 

o 

o 

o 

'0 

o 

0 

5 

+ 14 

--14 
+ ’5 

o 

-f I 
— r 
o 

0 

— X 

1 

' o 

o 
o 
o 
' o 

,0 

o 

■■ o 

' ' Q 


'3 

— 2 
!■ 

o 

•f ’I 

''O 

',0 

— ,;X 

■•“f- 2 

'■ ''2'" 


a The temperatures from -wliiclx the reductioas are made are tbe same for aU sampies“--iiameiy‘,,; 2 o®,, 

40®, and so® C.— and for that reason Cl, Cs.,, etc, », will be the same in all, cases."'' ' 4 :,,:'" 

& The lack of agreement between the 'observed and the 'Calculated values' of 'density indicates, that one, or:", 
more of the observed valuesare'considerably :m:'.error.''' All determinations on this sample should be dis- 
carded." ' ,'Vy 'v 3 ''' 
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TabliS IV, —Observed and calculated densities of milk and cream at different Umperaiures 

and with different percentages of fat — Continued 


'Bax 

cositeiat. 


Pef cem. 


25. 


30 - 


30- 


30. 


3 «- 


35 - 


, 40 » 





rempcra- 

ture. 

Dt. |c 


a 

Obsei*ved. 

Cak'W- 

lated. 

c »9975 ■ 

' 

— c. 00060 

4-c, 000002 ■ 

20 

30 

40 

1 50 

I, 0070 

I. 0007 

0. 9944 

0. 9890 

■ I. 0070 

I. 0006 

0. 9945 

0, 9890 

■ 9995 

. 00065 

4" . 000006 

r 20 

1 30 

1 40 

1 50 

I. 0107 

I. 0028 
a 9965 
0. 9911 

I. 0107 

I. 0029 

0. 9964 

0. 9911 

9912 

- .00057 

0 

r 20 

30 

1 40 

1 50 

0 . 9997 
0. 9940 
0. 9884 
0. 9827 

0. 9997 

0. 9940 

0. 9884 

0. 9827 

« . 9891 

I — . 00051 

I 

— , 000001 j 

! 

i 

f 20 

1 30 

j 40 

1 50 

0.9966 
0. 9918 
0. 9854 
0. 9813 

0. 9966 

0. 9917 

0. 9865 

0. 9812 

. . ■ .9910 

i 

i — . 00049 

i 

j 

— . 000002 ! 

■1 

r 20 

J 30 

1 40 
l 50 

0. 9978 
0. 9933 
0. 9886 
0. 9832 

0. 9978 

0. 9934 

0. 9885 

0. 9832 

• « ' * 9926 

i 

i 

; — . 00067 

c 

f 20 

j 30 

I 40 

1 so 

I. 0044 
0. 9960 
0. 9896 
0. 9842 

I. 0044 

0. 9962 

0. 9894 

0. 9842 

. . , 9 ' 84 I 

1 

1 - . 00073 

4- . 000008 

f 20 

j 30 

1 40 

1 50 

0. 9970 
0. 0879 
0. 9807 
0. 9750 

0. 9970 

0. 9980 

0. 9806 

0. 9750 

. .9799 

,i 

i 

j — . 00074 

i 

I 

4- . 000010 

r 20 

J 30 

1 40 
i 50 

0. 993 X 

0. 9837 

0. 9765 

0. 9710 

0. 993 X 

0. 9838 
0. 9764 
0. 97x0 


nimiss 

ealcti- 

lated. 


+ 1: 


— I 
-f I 

O 

o 

o 

o 

o 

o 

— I 

4-1 

o 

— I 

4-1 

o 

O' 

— 2 

4-2 

O 

O 
— I 

4-1 

o 

o 

— I 
"f I 

o 


These restilts were then plotted on coordinate paper of such a size that 
densities could 'be plotted and read to one in the fourth place, and ct and ^ 
•to one in the fifth and sixth places, respectively. From these curves the 
values of ar and jS' 'for various densities of milk and cream are tabulated 
in Table' II. The curves are shown on a reduced scale in 'figure i . 

■' In figure 2 is' shown, the relation between the density of the' samples 
and the' percentage of' butter fat contained in'them. ' , 

'Having detennined the 'density of each sample and the rate of, change 
of density with change of temperature, it was possible to calculate the 
volume of any sample at any temperature in' terms of the 'volume' at any' 
Other temperature within the limits covered. , , 

It .was suggested by the Dairy Division of the Bureau of Animal 
Industry that 20^ C. p 8 '® F.) be choseH'as the standard temperature and 
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that the relative volumes at other temperatures be given on the basis' of 
unit volume at this temperature. ' It was also suggested that for ' the 



Fig. I. — Specific gravity of milk and cream at 3s“/4® C., showing values of a and ^ ^ . 


convenience of those by whom the table would be used the temperatures 
be given on the Fahrenheit scale, and that the densities at 20® C. in grams 
per cubic centimeter be changed to specific gravities at 20^ C. in terms of 



Fig. a.—Spedfic gravity of milk and cream at'35®/4® C.» showing' relation between density and percentage 

' of butter fat. ' 

■W'ater at that' temperature as^ unity. ' . ' These changes 'have' accordingly been 
made. „ 


The' specific gravity at C- ■ 'means, the-spedfic gravity ..at 35® C. ■. in, terms of water 'at 4®' C. -as ' 

This is numerically the same as the'density ia gms. per„c. 'c» 
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It was found that the calculation of volumes could be most con- 
'veniently accomplished by changing the basis of the calculation from 
35 ^ to 20 *^ C. The equation 

+ J 

was accordingly transformed to 

Dt^D^J + ot^(i-2o) + i3Jt-2oy 2 

and the values of and determined. It can be shown that 

and that /3^ = As a further convenience in calculation, the equation 

was changed to the form 

[I + A(^-20)+B(^-20)2] ................ 3 

in which A and B may be found in terms of and 

It would, of course, be possible to calculate the volumes directly by 

means of equation 2 , since y or F^^-, but the calculation is much 

more easily done by means of equation 3 . 

The volumes thus calculated are given in Table Vd 

SOURCES OF ERROR 

' It has already been pointed out that one source of error is the gradual 
separation of the sample under investigation into its constituent parts, 
the fat rising to the top and the heavier portions settling toward the 
bottom. The greatest source of error, however, is probably in the 
assumed percentage of fat in the sample at the time the density deter- 
minations are made. This will be explained somewhat in detail. The 
samples of milk and cream w^ere generally prepared at the Bureau of 
Animal Industry in the morning and brought to the Bureau of Standards 
in the afternoon of the same day. The density determinations were 
made on the following day. During this interval of time between the 
preparation of the samples and the making of the density determina- 
tions the, samples could be kept sweet without difficulty, but there was 
,in. many cases a considerable amount of separation and ‘^churning” of 
the fat, so that granules of butter were collected' on the neck and the 
cap of the bottle in which the sample had been kept. 

^ This change in the percentage of fat contained in the sample was, 
of course, always in such a direction that the sample at the time its 
density 'was determined contained a lower percentage of fat than that 
reported ' by the Bureau of Animal Industry at the time the sample 
was prepared. , For that reason, since the density increases with decreas- 
ing .percentage of fat, the densities of the different .samples will in most 
cases be somewhat toO' large for the.: percentages of ' fat to which they 
are intended to correspond; or, in other words, the tabulated percentage 
of ' fat in a given sample is somewhat Too high. :' In the tab,ulated values 
of .percentage 'of fat and corresponding density (Table, II), the .density 

^ Tiiese data also appear, &s Table 'll, ' U, S. .Dept., Agr. Bui. 98, p. 
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is in each case given as corresponding to the percentage of fat in the 
sample at the time it was prepared. In reality , it corresponds, not to 
that percentage of fat, but to the percentage in the sample at the time 
the density was determined. No attempt will be made at the present 
time to estimate how great this discrepancy may be; in some cases it 
is quite appreciable. 

Other sources of error are the temperature observations and the 
weigiiin,gs of the sinker. The weighings were made to tenths of a milli- 
gram and were probably correct in most cases to about half a mg. Errors 
greater than i or 2 mg. would be unlikely to occur. The thermometers 
were graduated to tenths of a degree centigrade and “were read to hun- 
dredths. The mean of the four readings taken at each temperature 
was probably correct within one or two hundredths of a degree. Errors 
of more than three hundredths would not be expected. If both of 
these maximum errors should occur in the same set of observations 
and both should be in the same direction, the resulting error in the 
density would be about six units in the fifth decimal place. Even 
such an error would not be serious in the present instance, as tlie density 
values are used in the table only to the fourth place. The density 
determinations are almost certainly accurate to that degree. In the' 
calculation of the densities the results were carried to the. fifth place, 
and they are seen to be concordant in most cases to somewhat better 
than one in the fourth place. 


CONCX-USION 

Examination of the results here presented (see Table III) shows 
that for the individual samples examined the density determinations may 
be depended upon to about one unit of the fourth decimal place. These 
values, however, when plotted (see figs, i and 2), present certain irregu- 
larities which are far too great to be accounted for by errors in the deter- 
minations. For example, four different samples were examined, each 
of which was supposed to contain 30 pet cent of fat. The densities of 
the four samples at 35^ C. were found to be in satisfactory agreement, 
and for each sample the agreement between the observed and calculated 
densities at other temperatures was such as to throw no suspicion upon 
the detenniiiations; and yet the rate of expansion of the four samples 
was widely different. Only one out of the four fitted reasonably well 
into the series formed by the samples above and below 30 per cent. 
This and similar anomalies for certain other samples make it appear 
that the rate of expansion of any given sample depends, ' upon some-: 
thing more than the density or the percentage of fat present. It undoubt- 
edly depends upon the physical and chemical condition of the sample 
at the time the observations are made. This condition is probably 
largely dependent upon the time' that has elapsed since the preparation-" 
of the sample and upon the temperature at which it has been^ kept. 
That being the case, it would probably be impossible to find any fixed 
relation that would express accurately the rate of expansion of, all per- 
centages of butter fat' under all -conditions, ' Further investigation' to 
determine the effect of time and temperature upon the rate , of 'expansion: 
would' be 'of considerable' interest, and such an investigation ^ of these 
and similar points will be necessary before the rate of expansion 'under -'' 
all ordinary conditions can be accurately known,' '':'''' 
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Although these results can not be considered as final, it is believed that 
for the purpose for which this work was imdertaken results have been 
obtained which are of sufficient accuracy. It is, however, desirable that 
further work be done by a method better adapted to the nature of the 
liquid investigated. In future -work greater precaution should be tal^en 
to prevent the fat from being removed from the samples before the den- 
sity determinations are made, and it would be very desirable if the per- 
centage of fat in each sample could be redetermined after the density 
determinations have been made. As -these results were obtained with 
mixed milk it would also be desirable to compare the density of milk in 
different breeds of cows and the variation within the breeds. 
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Tabli 5 Y. —Volume^ of milk and cream at various temperaiures occupied by unit volume 

atdS^F. {20^ C,) 


Per- 
cent- , 

Temperature (® F.). 

age 

ol 

but- 

so 

sa 

54 

S6 

5S 

60 

63 

64 

66 

68 

70 

72 

ter- 

fat. 

Volume. 

0»035 

0. 19980 

0. 99S0 

0. 9985 

0. 9985 

0.9990 

0. 9990 < 

3, 9990 

0. 9995 

0 . 9995 

1. 0000 

1. 0000 

1.0005 

2 

99S0 

.9980 

.9985 

•99SS 

.9990 

,9990 

•9990 

•9995 

<9995 

1. 0000 

1. 0000 

x.ooos 

2 

•9975 

•9975 

. 9980 

.9980 

•9985 

.9990 

•9990 

•9995 

■ 9995 

1. 0000 

1.0000 

1.0005 

3 

•9975 

•9975 

• 99S0 

.9980 

•9985 

.9990 

.9990 

•9995 

•9995 

1. 0000 

1.0000 

1.000$ 

4 

•9975 

• 9975 

•99S0 

.99S0 

•9985 

•99S5 

•9990 

'9995 

•9995 

1. 0000 

1. 0000 

1.0005 

S 

•9975 

-9975 

.9980 

.9980 

.9985 

.9985 

•9990 

•9995 

• 9995 

1. 0000 

1. 0000 

1.000$ 

6 

• 9970 

•9975 

•9975 

.99S0 

• 9980 

.9985 

•9990 

•9995 

•9995 

1. 0000 

1. 0000 

1.0005 

7 

■9970 

•9970 

•9975 

•9975 

.9980 

•9985 

•9983 

.9990 

• 9995 

1. 0000 

1. 0000 

1.00X0 

8 

• 9970 

•9970 

•9975 

•9975 

.9980 

•99S5 

•998s 

.9990 

• 9995 

1. 0000 

1.0005 

I. 00 X 0 

9 

. 9965 

.9963 

•9970 

•9975 

.9980 

•9985 

.9985 

.9990 

• 9995 

1. 0000 

I. 0005 

1 . 00 X 0 

10 

•99^55 

• 9965 

• 9970 

•9975 

.9980 

. 998s 

•9985 

.9990 

•9995 

1. 0000 

1. 0005 

1. 0010 

11 

.9965 

•996s 

‘9970 

•9975 

.99S0 

• 99 % 

• 9985 

• 9990 

•9995 

1. 0000 

I. 0005 

1. 0010 

13 

•9955 

• 9960 

• 9965 

■9970 

•9975 

. 99S0 

•9985 

•9990 

.9990 

1 . 0000 

1. 0005 

I . 0010 

■E 3 

•9955 

• 9960 

■ 9965 

•9970 

•9975 

• 9980 

. 9985 

• 9990 

.9990 

1.0000 

1.0005 

I. 00X0 

,14 

• 9950 

• 9955 

.9960 

• 9970 

•9975 

• 9980 

• 9985 

• 9990 

. 9990 

1. 0000 

: I. 0005 

1 . 00 X 0 

23 

•9950 

• 9955 

. 9960 

• 9970 

• 9975 

. 9980 

•998s 

.9990 

.9990 

1. 0000 

1.000$ 

1.00X0 

16 

•9950 

• 9953 

•9955 

• 9965 

• 9970 

• 99S0 

•998s 

.9990 

.9990 

1.0000 I 

1. 0005 

1 . 0010 

17 

•9945 

1 • 9950 

•9955 

.9965 

•9970 

. 99S0 

•998s 

■9090 

•9990 

1. 0000 

1.000$ 

I. 00 X 0 

18 

• 9940 

• 9945 

•9950 

. 9960 

•9970 1 

•99S0 

.99S0 

•9985 

•9990 

1. 0000 

1. 0005 

1.00X0 

19 

. 9940 

• 9945 

•9950 

.9960 

• 9970 

•9975 

.99S0 

• 99 % 

.9990 

1. 0000 

I. 000 $ 

t.ooso 

90 

• 9930 

.9940 

*9945 1 

• 9955 

.9965 

•9975 

.9980 

•9985 

•9990 

1.0000 

X. 0005 

X-OOIO 

91 

•9930 

•9940 

• 9945 

‘9955 

• 9965 

■9975 

.9980 

• 99 % 

.9990 

1.0000 

1.000$ 

1.0010 

33 

•9930 

• 9940 

• 9945 

■ 9955 

• 9965 

•9975 

•9980 

.9985 

•9990 

r.oooo 

1.0010 

1.00X5 

33 

,9930 

.9940 

• 9940 

• 9955 

• 996s 

•9975 

• 99S0 

•9985 

• 9990 

1.0000 

1 . OOTO 

1*00x5 

94 

•992s 

• 9930 

•9940 

• 9950 

.9960 

•9975 

• 9975 

•9985 

.9990 

1.0000 

I. 00 X 0 

X. 001 $ 

as 

•9925 

• 9930 

•9940 

•9950 

• 9960 

. 9970 

‘9975 

*9985 

.9990 

1. 0000 

1. 0010 

: X*OOX5 

36 

•9925 

• 9930 

.9940 

>mo 

• 9960 

•9970 

•9975 

•9985 

•9990 

1.0000 

1. 0010 

X.00X5 

37 

■ 9 fjaS 

• 9930 

• 9940 

•9950 

• 99 < 5 o 

•9970 

•9975 

•998s 

.9990 

1. 0000 

I. 0010 

1.00x5 

38 

• 992 s 

• 9935 

• 9935 

• 9945 

• 9955 

• 99 % 

• 997.5 

. 9980 

• 9990 

1.0000 

1. 0010 

'1.001s 

39 

•992 s 

•9925 

• 9935 

• 9945 

• 9955 

« 99 <^$ 

•9975 

•9980 

•9990 

1. 0000. 

1.0010 

2- 00 X 5 

30 

•992 s 

•9925 

•9935 

•9945 

•9955 

* 9965 

• 9970 

.9980 

•9990 

x-oooo 

1.0010 

1.0030 

32 

■992s 

• m$ 

• 9935 

• 9945 

• 9955 

• 9965 

• 9970 

.9980 

•9990 

1. 0000 

i.cxjio 

1.0030 

3 a 

• 9920 

. 9920 

• 9930 

• 9940 

• 9950 

. 9960 

•9970 

• 9980 

• 9990 

r.oooo 

"1.0010 

I, 0020 

33 

* 99x0 

• 9920 

• mo 

• 9940 

• 9950 

• 9960 

•9970 

• 9980 

- 9990 

1.0000 

1.0010 

I. 0020 

34 

.9910 

■ ms 

• 9935 

• 9940 

• 9950 

.9960 

‘9970 

• 9980 

•9990 

1.0000 

l.'OOlO ,' 

i.ooao 

3 S' 

.9900 

• 9925 

• 9935 

• 9940 

■9940 

• 9960 

• 9970 

.9980 

. 9990 

,1.0000, 

1. 0010', 

' 1.0030 

36 

>9900 

. 9910 

. 99 i !0 

•9930 

•9940 

. *9955 

* 99 % 

.9980 

•9990 

I- 0000 

1.0010" 

1 .O 03 S' 

37 

• 9890 


• 9920 

• 9930 

• 9940 

• 9955 

• 99 % 

.9980 

•9990 

1. 0000 

1. 0010 , 

' I .' 002 5 

38 

.9890 

.9910 

•9920 

•9930 

-9940 

•9955 

• 99 % 

• 9980 

•9990 

r.oooo 

1. 0010 

I. oo'as 

39 

. 9S90 

,9900 

• 9925 

■ 9935 

• 9940 

•9955 

• 99 % 

•9975 

*9990 

i,.oooo 

1.0010 

„ I. 0035 

40 

.9890 

• 9900 

• 9925 

• 99*5 

• 9940 

•9950 

.9960 

•9975 

*9990 

1.0000 

' 1. 0010 

',' 1.0035 


tabulated values are given to the nearest 0*0005*' 

67235 "^— 14— 6 
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Tabi,:^ V. — Vohmie of milk and cream at various temperatures occupied by unit volmm 

at 68^ F. { 20 ^ C.) — Contintied 


Per- 

cent- 

age 

of 

but- 

Temperature F.). 


74 

76 

78 

So 


84 

86 

ss 

90 

92 

94 

96 

ter 













fat. 






A'olunie. 






0. 025 

I - 0005 

2.0010 

1. 0010 

1. 0015 

1. 0020 

1.002S 

1.0030 

1.0030 

1*0035 

I . 0040 

,1. 004,5 

1.0050 

t 

I- 0005 

I. 0010 

I. 0010 

1.00x5 

1.0020 

I. 002 $ 

1.0030 

1.0030 

1* 003 s 

1. 004 a 

1 , 004.5 

1.0050 

2 

1. 0010 

I. CX 3 I 0 

1. 0015 

1. 0020 

1.0020 

I. ooas 

r.0030 

1*0035 

1. 0040 

I. 0040 

,s . 0045 

1.0050 

3 

I. 0010 

I. 0010 

1. 0015 

1. 0020 

X.0020 . 

I. 0025 

x.0030 

1.003s 

1. 0040 

X. 0045 

,1,0045 

1,005s 

4 

I- 0010 

I. 0010 

X. 0015 

1. 0020 

1.0020 

1. 0C25 

1.0030 

1*0035 

1. 0040 

1.0045 

1 . vOOSO 

1,0055 

5 

1. 0010 

I.OOIS 

I . 0020 

1.0020 

1.0025 

1. 0030 

1.003s 

1.0035 

1.0045 

I* 0045 

X, OOSO 

X.OOSS 

6 

I- 0010 

1. 0015 

I. 0020 

1. 0020 

1.0025 

1. 0030 

1*0035 

1.0040 

1.004s 

X. 0050 

I. 0050 

1.0060 

: 

I- 0010 

1. 0015 

1.0020 

1. 0025 

X. 0025 

1.0030 

1.0035 

T.0040 

1. 0045 

I. 0050 

1. 0055 

i-oofki 

s 

1.0010 

I.OOIS 

1.0030 

t.0025 

1. 0030 

1.0030 

1.C033 

1.0040 

1. 0045 

I. 0050 

1.005 s 

1.0060 

9 

1. 0010 

1. 0015 

I. ooao 

1. 0025 

1.0030 

1.0035 

1.0040 

1.0045 

1.0050 

1*0055 

1. 0060 

1.0065 

10 

1.0015 

1.0020 

1. 0025 

1. 0025 

1.0030 

1. 0035 

1. 0040 

1. 0045 

1.0050 

1.0055 

I, 0060 

1. 006s 

ri 

1. 0015 

2.0020 

1. 0025 

1.0025 

1. 0030 

1.003 s 

1. 0040 

1.0045 

1.005s 

1.0055 

X. 0065 

1.0070 

13 

1. 001.5 

t. 0020 

1.0025 

1.0030 

1.0030 

1.0035 

1. 0040 

1.0050 

r.ooss 

1.0060 

I . 0065 

1.0070 

13 

1. 001 s 

I.C020 

1.0025 

1.0030 

1. 003s 

1.0040 

1.004s 

1.0030 

1.005s 

I. 0060 

1.0065 

1.0070 

14 

1,0015 

1.0020 

1. 0025 

1. 0030 

1.0035 

1. 0040 

1.0045 

1.0050 

1. 00s s 

1. 0065 

1. 0070 

1.0075 


X.OOIS 

I. 0025 

1.0030 

1.0030 

1*0035 

X.0040 

1.004s 

1.0055 

1.0060 

1 . 0065 

1. 0070 

1,007s 

16 

I, 0015 

1.0025 

1. 0030 

1.003s 

1.0040 

1.0043 

1.0050 

r.ooss 

1. 0060 

I. 0070 

t. 0075 

i.ooSo 

17 

i.oois 

1. 0025 

1. 0030 

1*0035 

1.0040 

1.0045 

1.0050 

X.0060 

1.0060 

X. 0070 

1. 007S 

I. ooSo 

18 

I. '0020 

X. 0025 

1.0050 

r.0035 

1.0040 

1. 004s 

1.0055 

1.0060 

1.0065 

1.007s 

I. ooSo 

i*ooSs 

19 

i.ooso 

1. 0025 

1. 0030 

1.003 s 

I - 004s 

1.004s 

1. 0055 

1. 0060 

1. 0065 

I. 0075 

1.0080 

I. ooSs 

■ 20 

I. 0020 

1.0025 

b 

0 

1.0035 

1.0045 

1. 0050 

1.005s 

1. 0060 

1.0070 

r* 0075 

1. 00S5 

1. 0090 

21 

1. 0020 

I. 0025 

1.0030 

1.0040 

I. 0045 

1. 0050 

1.0060 

1.0065 

1 . 0070 

I. ooSo 

1. 00S5 

1.0090 

22 

2.0020 

X.0030 

1. 0035 

1.0040 

1.0050 

1.0035 

i.oc6o 

1.0065 

1,0073 

1.0080 

1. 0090 

1.0095 

23 

1.0020 

1.0030 

X.003S 

1. 0040 

1.0050^ 

1.0055 

t.0065 

1,0070 

1.007s 

I. 00S5 

I. 0090 

1*0095 

24 

I . 0020 

x.0030 

X- 003 S 

1.0040 

1.0050 

3.0060 

1.0065 

1,0070 

i.ooSo 

I. 0085 

1. 0095 

1. 0100 

; 25 

1.0020 

1.0030 

1.0033 

1.0043 

I* 0055 

1. 0060 

1. 0070 

1.0075 

r.ooSo 

I. 0090 

X. 0095 

1,0105 

26 

1. 0025 

1. 0030 

1.0040 

1.004s 

1.0055 

1.0060 

1.0070 

r.ooSo 

1.0085 

1.0090 

:i. 0100 

1*0110 

27 

1.0025 

1.0030 

1,0040 

1.0045 

I. 0055 

1.0060 

1.0070 

r. ooSo 

1, 0085 

1.0095 

1. 0100 

I-OIXO 

28 

2.0025 

1*0030 

1.0040 

1. 0045. 

i.ooss 

1.0065 

1.0075 

T.OoSo 

1.0090 

I. 009 S 

I. 0105 

1.01x5 

29 

I. 0025 

1.0030 

1.0040 

1. 0050 

1. 0060 

1.0065 

1.007 s 

i.ooSo 

1.0090 

1,0095 

1. OIOS ^ 

I.0II5 

'30 

1.0025 

1*0035 

1.0045 

X. 0050 

1.0060 

1. 0065 

x.ooSo 

1.0085 

1. 0095 

1 . 0.1:00 

'I. OIIO 

1.0120 

31 

J.OO25 

1.0035 

1.0045 

1.0050 

1. 0060 

2.0065 

i.ooSo 

I. 0085 

1.0095 

1. 0100 

i.o:tJO 

i.o:c20 

32 

1.0030 

1.0035 

1. 004s 

1.0055 

J.0065 

1.0070 

i.ooSs 

X. 0090 

I.OlOO 

1. 01:05 

1;. on: 5' 

1.01:25 

33 

'I. 0030 

1.003s 

1.0045 

1. 0055 

1-0065 

Z.0070 ! 

1. 0085 

1.0090 

1.0100 

1, OIOS 

,1. o,ns 

1,0X25 

34, 

J.,0030' 

X. 0040 

1. 0050 

1.0055 

1. 0063 

t.0075 

i.ooSs 

1.0095 

' 1.0105 

i.ono 

1. 0120 

1.0130 

' 35 

1.0030 

1.0040 

1.0050 

X. 0060 

1, 0070 

X.0075 

1. 0090 

I.OOQS 

1.0105 

I. OIIO 

1.0x20 

1.0I30 

36 

I. 003s 

1.0045 

i.ooss 

1. 0060 

1.0070 

i.ooSo 

1.0090 

I.OlOO 

X.OIIO 

1.0115 

1.0125, 

n.oias 

37 

'I. 003s 

X.0045 

X.005S 

1. 0060 

1.0070 

x.ooSo i 

X- 0095 

I.OlOO 

I.QIIO 

i.ons 

1.0I2S 

I. 013s 

' '3S 

1*0035 

1.004s 

z.ooss 

x.oo6s 

1. 007s 

i.ooSs j 

I.ODpS 

i.otoo 

I.OI15 

1.0120 

1.0130 

1.0140 

' 39 

I. 0035 

1.0045, 

r.ooss 

1, 0065 

1. 0075 

i.ooSs 

1.009s 

I. OIOS 

1.0115 

1.0120 

1. 0130 

1.0140 

■ 40 

1.0035 

1.0045 

1.005s 

1.0063 

1. 0075 

x.ooSs 

1.0095 

i.oios 

I.0II5 

I. 0125 

1. 0130 

I. 0145 
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Tabi;B V . — Volume of milk and cream at various iemperaHires occupied hy unit volmne 

at 68^ F, { 20 ° C .) — Continued 


Temperature (“ F.). 


Percentage 
of butter fat. 

9S 

TOO 

102 

104 

106 

loS 

no 

112 

114 

116 

IlS 


Volume. 

0. 025 

i.ooss 

I. 0060 

1. 0065 

1. 0070 

1. 0075 

I. ooSo 

1. 0085 

1. 0090 

I. 0095 

1. 0100 

I. or 05 

2 

!• ooss 

1. 0060 

1.0065 

1.0070 

1. 007s 

1.0080 

I. ooSs 

I, 0090 

I. 009s 

1. 0100 

1. 0105 

2 

I.ooss 

I. 0060 

1.0063 

1.0070 

2 . 0075 

1. 0080 

i.ooSs 

1. 0090 

1.0095 

I. 0100 

i.onc 

3 

1.0060 

1.006s 

1.0065 

0 

0 

0 

1.0075 

I.ooSo 

1. 00S5 

1.0090 

I. 0095 

I. 0100 

I.OIIO 

4 

1. 0060 

I. 0065 

1. 0065 

1.0070 

1 . 0075 

I. ooSo 

1. 00S5 

I. 0090 

1.0095 

r. 0100 

I.OIIO 

S 

1.0060 

3.0065 

1. 0070 

1.007s 

1. ooSo 

1.0085 

1. 0085 

I. 0090 

1.009s 

1. 0100 

I.onc 

6 

2. 0060 

1. 0065 

1. 0070 

I . 0075 

I. ooSo 

1.00S5 

1. 0090 

1.0090 

1.0093 

1. 0100 

I.onc 

1 

1. 0065 

1. 0070 

1. 0073 

1.007s 

I.ooSo 

1. 0085 

1.0090 

1.0095 

I- 0100 

I. OIOS 

1. 0115 

8 

3.0065 

X. 0070 

I.C07S 

I.ooSo 

1. 008s 

1.0090 

1. 0095 

1.0100 

i.oios 

I.ono 

1.0115 

9 

3.006s 

1.0070 

I. ooSo 

I. ooSo 

1.00S3 

1.0090 

1.0093 

1. 0100 

x.oios 

1.0110 

,1. 0215 

10 

1.0070 

1.007s 

I. ooSo 

1.00S5 

1.0090 

1.0090 

1.0095 

1. 0100 

1.0105 

I.OIIO 

I.OIIS 

XI 

1.0070 

0 

0 

1.0080 

I. ooSs 

1. 0090 

1. 009s 

1.009s 

1. 0100 

1. OIOS 

1. ono 

I. oils 

12 

1 . 0075 

I. ooSo 

1. 00S5 

I. 0090 

I . 0095 

1. 0095 

1.0105 

I.ono 

I.OIIS 

1. 0120 

1.0x35 

13 

1. 007s 

I . ooSo 

1.008s 

2.0090 

1.0095 

1. 0100 

1. 0105 

1. 0110 

1.0ns 

1. 0120 

X.0125 

•14 

i.ooSo 

1 . 0085 

1.0090 

1.009s 

1.0x00 

1. 0100 

i.ono 

1.0115 

1.0120 

1. 0125 

I. 0130 

IS 

i.ooSo 

I. 00S5 

1. 0090 

1. 0095 

1. 0100 

1.0105 

i.ono 

1.0115 

1.0120 

1.0125 

X. 01,30 

j6 

i.ooSs 

I . 0090 

I. 0095 

1.0100 

1,0105 

1. 0110 

1.0ns 

1,0120 

I. 0 I 2 S 

I. 0130 

I- 0 X 35 

17 

1.0085 

1 . 0090 

I. 0095 

1. OIOS 

1.0105 

1.0115 

1.0120 

I. 0125 

1. 0,130 

1.0I3S 

1.0140 

18 

1.0090 

.1* 0095 

1. 0100 

i.oios 

I.OIIO 

I. 0120 

I. 0125 

1. 0130 

I. 0135 

1. 0140 

1 . 0145 

19 

1. 009a 

I. 0095 

I. 0100 

I.OIIO 

i.oiis 

1.0120 

I. 0125 

X- 0130' 

1.013s 

I. OX.JO 

1 . 0145 

20 

1. 009s 

I. 0100 

I . 0105 

I.OIIO 

I. oils 

1.0125 

1.0130 

1.013 s 

I. 0140 

1.01.45 

i.ois'o. 

21 

1. 0095 

1. 0100 

I. OIOS 

I. oils 

r.oi20 

1. 0125 

1. 0130 

1.013s 

1.014s 

1.0150 

r-orss 

22 

1. 0x00 

I. OIOS 

I. oiro 

1. 0120 

1.0125 

1. 0130 

1-0135 

1. 0140 

I. 0150 

I. oiss 

1. 0160 

2.1 

I. OIOS 

I. OIOS 

2.0115 

1.0120 

X.0I2S 

r. 0130 

1, 0140 

r. 0145 

X.OX5O 

I.OISS 

1. 0160 

24 

1.010s 

I.OIIO 

1. 0120 

I. 012s 

1.0130 

1. 0135 

,1.0145 

1.0150 

I.OISS 

1.0160 

1.0165 

3 S 

1. 0110 

1.0115 

1.0120 

1. 0130 

I *0135 

1.0140 

1. 0145 

1. 0150 

1.0160 

1.0163 

1.017c 

26 

2.0ns 

I. 0120 

1 . 0 I 2 S' 

I.013S 

1.0140 

1 . 0145 

X- 0 IS 5 

1. 0160 

x.oi6s 

1.0170 

1. 0180 

27 

1 . 0 X 15 

1.0120 

1.0130 

I* 01, 55 

1.0140 

1. 0150 

I.oiss 

1.0160 

1.0170 

1.0170 

i-oiSo 

28 

1,0.120 

X. 012 $ 

I. 0130 

1.0140 

I. 0 I 4 S 

1.0150 

1, 0160 

1. 0165 

1-017S' 

1.0175, 

i.oiSs 

2.9. 

1. 0120 

X.OI3O 

1.0135 

1.0140 

1. 0150 

1.0155 

r.oi6o 

1. 0165 

1. 0 X 75 

r.0180 

, 1.01%' 

■}0 

i.di2S 

1. 0130 

1.013s 

1. 024s 

I-WSS 

2« 0155 

1.016s 

1.0270 

I - 0175 

1-0180 

,',1.0190 

31 

1. 0I2S 

I - 013s 

1.0140 

1 . 0 I 4 S 

I.OISS 

1.0160 

-2.0170 

1 . 0175 

1. 0180 

,1.0x83 

X..0190 

■32 

1.0130 

X. 013 S 

1. 0140 

1.C150 

1. oi6o 

1.0165 

1.0170 

1. 0180 

i; '0185 

X, 0190 

'1.0195 

. 33 

1.0130 

X. 0x40 

i*qi 4 S 

I.OISS 

1. 0160 

1. 0165 

1.0170, 

1. 0180 

I.01S5 

1.0190 

' 1.0195 

34 

X.0I3S 

X.OI40 

1.0x50 

x,oi6o 

1-0165 

1. 0170 

1 . 0 X 75 

1. 0185 

I.0190 

1.0x95' 

X .,'0200 

■ 35 

1 . 013 S 

1.014s 

1.0150 

1.0160 

1.0165 

1.0170 

1. 0180 

,1. 0190 

1. 0195 '' 1 

1.0200 

: '1.0205 

36 

1. 0140 

1.014s 

I.OISS 

1.0165 

1.0170 

1. 0175 

1. 0185 

1.0195 

1,0200 

I. 020 S 

l.,02'10' 

37 

1.014s 

1-0150 

1,0160 

1.016s 

1.017 s 

1.0180 

1. 0185 

1.0195, 

1-0200' 

1.0205 ', 

1,0210,. 

' 38 

1.0150 

I.OISS 

1. 0165 

1. 0170 

I.OI 7 S 

1. 0185 

t. 0190 

1.0200 

I., 021,0 , 

I. 02X5 

1 . 031 , 5 ' 

■' 39 

1.0150, 

1. 0160 

1.0165 

X.0170 

1.0x80 

i.oiSs 

1. 0195 

1.0205 

1 . 02 X 0 

I. 03 X 5 

1- 0220 

' 40 

i.oiss 

1. 0165 

1.0170 

1.017s 

1.01S5 

1.0190 

1.0300 

,1.0210, 

X. 02 X 5 

1.0220 

' 1.0230 
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TabIvB V . — Vohme of milk and cream at mriaus iempemtures occupied by unit volume 

at 68° F, ( 20 ° C.)— Cositinued 


Temperature C’ F,). 


Percentage 
of blitter 
fat. 

120 

122 

1 

124 

126 

! 

t 

j 130 

132 

i ;,54 

136 

138 

140 


j “ Volume. 

0.023 

I.OIIO 1 

1-0120 

I.OI25 

1. 0130 

1*0135 

1 

1 r.0140 

X. 014 S 

,1. 015s ' 

1. 0160 

,1.0170 

1.017s 

1 

I. Olio 

I . 0120 

1 . 0 I 2 S 

1. 0130 

1 . 0135 

I 1. 0140 

1 . 0 I 4 S 

1. 0155 

X.0160 

,1.0 '170 

1. 0175 

2 

1.0115 

1.0120 

1.0123 

1*0130 

1.0135 

i I. 0140 

r.0145 

1.0155 

1.0160 

1.0170 

1*0175 

3 

I. 0115 

I . 0120 

I.OI25 

1. 0130 

1*0135 

1 I. 0140 

1. 0145 

1.015s 

1.0x60 

; I. 0170 

1 . 0175 

4 

1.0115 

I. 0 X 20 

1*0125 

1. 0130 

1*0135 

1 X.0140 

1.0145 

I.OISS , 

1. 0160 

1.0X70 

1. 0175 

5 

1.0II5 

I. 0 X 20 

I. 0 I 2 S 

1. 0130 

; 1*0135 

1 1. 0140 

j 1. 0145 

I.OISS 

1. 0160 

1 1.0170 

1 . 0 I 7 S 

6 

1.0II3 

1.0120 

1.0125 

X.0130 

1*0135 

1. 0140 

1.0145 

1*0155 

1.0160 

,1.0170 

1.017,5 

7 

1.0120 

I. 0125 

1. 0130 

1. 0135 

I . 0140 

! 1.0145 

1. 0150 

I-OISS 

1.0160 

j 1.0170 

1.0,175 

8 

I . 0120 

1.0I2S 

I.OI30 

1*0135 

I. 0140 

1.014s 

1. 0150 

1*0153 

1. 0165 

1.0170 

1.0175 

9 

1.0120 

I. 0130 

1*0135 

1. 0140 

I . 0145 

I. 0150 

1.0155 

I- 0160 

1.0165 

I. 0170 

1. 0180 

10 

1.0120 

X.OI3O 

1*0135 

r.0140 

1.014s 

1.0150 

1*0155 

1. 0160 

1.0165 

, i.oi'7o 

r, 0180 

II 

I.OI2O 

* I. 0130 

: 1.013s 

1. 0140 

1*0145 

1.0X50 

I.OISS 

1.0160 

1.0165 

1,0170 

1.0180 

12 

1.0130 

^ 1.0133 

1.0140 

I 1.0143 

1.0150 

' I. 0155 

1. 0160 

1.0165 

1.0170 

1.0175 

1 . 0x80 

13 

I. 0130 

1*0133 

1,0140 

1. 0145 

1.0150 

I.OISS 

1.0160 

1.0165 

1.0170 

1.0x7s 

t. otSo 

. 14, 

I. 0135 

I. 0140 

i 1*0145 

1.0130 

I.OISS 

1,0160 

1. 0165 

1. 0170 

1*0175 

i.oxSo 

X.0185 

IS 

1.0135 

1. 0140 

1. 0145 

1. 0150 

1.015s 

J. 0160 

1.0165 ; 

1, 0170 

,x*o.i 7 s 

i.oxSo 

1, 0x83 

16' 

1.0140 

I. 0 I 4 S 

1. 0150 

1,0155 

r.oi6o 

1.0165 

1. 0170 

1. 0175 

1. 0180 

1. 0x8$ 

1.0190 

17 

1.0145 

1.0130 

1* oiss 

1. 0160 

I. 016s 

1. 0170 ' 

1.0175 

1. 0175 

1.0180 

1.0x8s 

, 1,0190 

18 

1.0150 

1.0155 

1. 0160 

1.0165 

1.0170 

' 1 , 0175 

1. 0180 

1. 0185 

1.0185 

1.0x90 

1.0X95 

19 

I.OI3O 

I.OISS 

1. 0160 

1.0165 

I. 0170 

1.0175 

1. oiSo 

1.0185 

1.01S5 

1.0x90 

i* 0 X 9 s 

20 

1.013s 

1. 0160 

x.oi6s 

1.0170 

I. 017s 

1, 0180 

1.0185 

1. 0190 

I. 0195 

t.oaoo 

I. 0205 

21 

X. 0160 

1.0165 i 

1.0170 

I. 0175 

i.oiSo 

1*0185 

1. 0190 

1.0190 

1. 0195 

1.0.100 

1. 0205 

23 

1.0165 

1.0170 

1.0175 

i.oiSo 

1.0183 

1,0190 

1.0190 

I-OI 9 S 

1.0200 

1.0205 

I. 0210 

23 

1.016s 

1. 01 70 

1.017s 

I. 0180 

1. 0185 

1. 0190 

1.0195 

1 . 0195 

1.0,200 

i.oaos 

1. 02X0 

24 

1.0170 

1.0180 

1. 0183 

1.0190 

1.0193 

1.0200 

1.0205 

1. 0,205 

I. oaro 

i.oais 

I. 0320 ' 

25 

I . 0175 

I. O180 

1.0185 

1. 0190 

I . 0193 

1, 0200 

1.0205 

1. 0210 

1,021$ 

1. 0220 

1*0225 

26 

i.oiSs ^ 

1. 0190 

1*0195 

1.0200 

1.0205 

1-0210 

1. 0215 

X. 0220 

X.022S 

1.0230 

1*0335 

' ^7 

1,018s ' 

1.0190 

1.019s 

1.0200 

I . 0205 

1*0210 

1.02x5 

1.0220 

t. 0225 

1.0230 

1‘0235 

aS 

1,0190 I 

1. 0200 

1. 0,203 

1. 0210 

1.0215 

1.0220 

I. 0225 ' 

I. 0230 

1. 0235 

1-0340 

1. 0245 

29 

1-0195 

1. 0300 

1.0203 

'1.0210 

l.oais 

1.0220 

1.0225 

r. 0.130 

1. 023 s 

1.0240 

1, 0245 

.30 

1,0195 

1,0200 

1. 0205 

1.0210 

1.0215 

I. 0220 

' ,1.0225 

1,0235 

X. 0240 

1. 0245 

I* 0250 

31 

1.0200 

X, 0205 

1.0210 

1. 0315 

1.0220 

1-0225 

I. 0330 

1.0235 

1.0240 

X, 02 . iS 

1- 03$0 

3 ?* 

1.0205 

t. 02 lO 

I. 0215 

2.0220 

1.0235 

1.0230 

1.0235 

1.0240 

1 .. 024 S 

0 

0% 

0 

1,0255 

33 

1.0205 

'1.0210' 

1. 02x3 

1.0220 

1,0225 

1.0230 

1 . 0235 

1.024a 

1 . 024 S 

1. 0250 

1.025s 

34 

I. 0210 

1. 0213 

!• 0220 

1.0223' 

I. 0230 

I. 0240 

1 . 0245 

' 1.0245 

X. 0250 

I.OJ!S,S 

S.0260 

' ; 3 S 

1-0210 

I,'021S 

1.0220 

I . 0235 

1.0230 

1.9240, 

1-0245 

1.0250 

i, 0250 

1.0255 

1.0260 

36 

I- 0215 : 

1,0225 

X. 0230 

1.0235 

1,0240 

1-0245 

1.0250 

1,0255 

! 1.0260 

1*0365 

1*0370 

'' 37 

1,0215 ; 

1.0223 

1.0230 

1*0235 ! 

S.O24O 

1 . 0245 

1.0250 

1*0253 

1.0260 

S.0265 

I* 0370 

,38 

1.0220 

1.0230 '' 

1.023s': 

1.0240 

1.0245 

1.0350 

^'i.oass 

1. 0260 

"1,0265 

1.0270 

1, 0,280 

; ' 39 

I. 0225 

I- 023s 

II 0240 

1.0245 

1.0250 

£.0255 

1.0260 

1. 0265 

1.0370 

i*oa' 7 S 

1. oaSo 

,40 

1.0235 

1. 0240 

i* 0245 ,j 

1.025s 

i.oado 

1.0265 

■ 1. 0270 

1.0275 

X.0280 

i.'oaSs 

1. 0 * 90 ' 



LIFE HISTORY OF THE MELON FLY 


By B. A. BacKj Entomological a$sista7it, and C. B. PbmberTON, Scientific Assistant^ 
Mediterranean Fruit-Fly Investigations i Bureau of Entomology 

INTRODUCTION 

Aside from the Mediterranean fruit fly, Ceratitis capiiata Wied., there 
is no other insect in the Hawaiian Islands that is causing such financial 
loss to fruit and vegetable interests as the melon fly, Bactrocera cucurbitae 
Coq.' The damages caused by its ravages are placed by some even higher 
than those caused by C, capitata-. While B, cuctirbitae was not officially 
recorded until November, 1898, when it was first discovered by Mr. George 
Compere in the market gardens in the environs of Honolulu, it had been 
knownlocally about that city many years before. Mr. Albert Waterhouse, 
Acting President of the Hawaiian Board of Agriculture and Forestry, 
states that less than 30 years ago excellent cantaloupes {Cucumis melo) 
and watermelons {Ciirullus mlgaris) and many kinds of pumpkins and 
squashes were grown in profusion the year round. Since that time the 
spread of the melon fly has been so rapid that this insect is now found on all 
the important islands of the Hawaiian group, and cantaloupes and water- 
melons can not be grown except on new land distant from old gardens. 
More than 95 per cent of the pumpkin (Cmcurbita pepo) crop is annually 
ruined, not to mention the havoc caused among the more resistant - 
cucumbers {Cucumis satims). 

Not only does the adult melon fly oviposit in fruit that has already set, 
but more often — in the case of the pumpkin and the squash (Cucurbita 
spp.) — ^in the unopened male and female flowers, in the stem of the vine, 
and even in the seedling itself, especially in seedlings of the watermelon 
and the cantaloupe. The writers have observed entire fields of water- 
melons killed before the plants were 6 to 8 inches long by larvae boring 
into the taproot, stem, and leaf stalks. An examination of almost any 
pumpkin or squash field in the agricultural districts on the Island of Oahu 
at certain seasons of the year will show that very nearly all the flowers 
are affected before they have an opportunity to bloom, In about 95 
cases out of 100 the anthers of the male bloom are either reduced to a 
mass of rot or more or less eaten before the bud becomes full grown, and 
the young ovaries of the female bloom are ruined by the burrowing mag- 
gots either before or shortly after the flower unfolds. 

While cucurbitaceous crops are the favored host fruits of the melon 
fly, certain varieties of leguminous crops, such as string beans and cow- 
peas, are often badly attacked. When preferred host fruits are scarce^ 
even peaches, papayas, and similar fruits are attacked to a limited degree. 
No satisfactory remedy has yet been found to prevent the infestation of 
fruit. The Chinese gardeners save a small percentage of crops subject to 
the attacks of this pest by covering the young fruit with cloth or paper or, 
in' the' case of, the, curcurbits,, by burying' them' in ,the''soiTtintil',,they'' 
become sufficiently, large to 'withstand' attack,,'/' y ' 

The female melon fly deposits her eggs in small batches just beneath 
the':surface of,. the fruit, vegetable,.,' or plant.' affected.';', 'From," these," 'eggs' 
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maggots are hatched which feed and burrow about, causing the rapid 
destruction of the affected parts, and then leave the host to enter the soil, 
where they pupate. After a short time the adult emerges from the pupa 
and soon deposits eggs for the following generation of larvae, 

THE EGG 

From the data included in Table I it will be seen that the duration of 
the egg stage of the melon fly is very short. During the warm summer 
months, when the daily mean temperature is about 79° F., eggs hatch in 
26 to 35 hours after deposition. The data indicate that hatching pro- 
ceeds most rapidly about 27 or 28 hours after the eggs are laid. At a 
mean temperature of 75.6°, 84 eggs hatched in from 31 to 38 hours, while 
at a mean of 75°, 96 eggs hatched in about 47 hours after deposition. At 
73.6°, 88 eggs hatched about 52 to 54 hours after being laid. 


Table I . — Duration of ihe egg stage of the melon fly 


Number 



"vggs deposited. 


Eggs hatched. 

Average 

mean 

of eggs 
under ob- 
servation. 

Dai 


Period. 

Day. 

Period . 

tempera- 
ture for 
period. 

17 . A ... . 

Aug. 

20 

10.30 to 1 1 .30 a. m . . . 

Aug. 2 1 

I to 2 p. m 

“F. 

' 79 ’ 5 

75 ...... 

... do . 


do 

. . .do 

2 to 2.15 p. m 

79 * 5 

45 ..... . 

. .'.do. 



. . .do 

2.30 to 2.45 p. m. . . . 

79 - S 

12 

. . .do. 


.do 

. . .do 

2-45 to 3 p. m 

79 - S 

23 ..... . 

. . .do. 


. . . A . do ... 

. . -do 

3 to 3. IS p. m 

79-5 

9 

. . .do. 


. . . . .do. - 

. . .do 

3-15 to 3.30 p. m.... 

79 - S 

6 

. . .do. 


do — 

. . .do 

3.30 to 3.45 p. m... . 

79 - 5 

20 . . A . . . 

. . .do. 


do 

. . .do 

3.45 to 4 p. m 

79 - 5 

9....... 

37 '• 

. . .do. 

. . .do. 


do 

do. 

...do 

. . .do 

4 to 4.^0 p. m i 

4,30 to 6 p . m 

79 - 5 
79 ' S 

7 ...... 

. . .do. 



. . .do 

6 to 8 p. m 

79 * 5 

5 

. . .do. 


do 

. . .do 

8 to 9 p. m 

79 - 5 

2 , . . .A . 

. . .do. 



... do 

9 to 10 p. m 

79 - 5 

^ 4 . 

May 

19 ’ 

3.iSto3.30 p. m.... . 

May 20 

10 p, m, to 2 a, m. . . 

75. 6 

96 

May 

14 

4 to 6 p. m 

May 16 

3 to 5.30 a. m 

75. 0 

23 

May 

^3 1 

10 a. tn. to I p. m . . . 

May 14 

About 9 p. 01 

7 S- S 

62 

77 ; 

, . .do. 

May 

II 

11.30 a. tTi. to 2 p. m . 

. . .do 

May 13 

10' p. m. to 3 a. III. . . 
3 to 6 a . , 111 

75 ' S 
73.6 

II .1 

. . .do. 


do. 

... do 

6 to 9.30 n . m 


I 

! 






/ a* ^ 


THE EARVA 

The larva, of the melon fly passes through three instars before being full 
grown. The data in Table II show that at a mean temperature of about 
79° F. larvse can complete their development in from four days and four 
hours to seven days. The larvae recorded as feeding upon papaya (Carica 
papaya) -wese. transferred several times a day from one small piece of pulp 
to afresh piece; hence, theyprobably pupated afew hours sooner than they 
would have pupated had they undergone their entire development in a 
single fruit. Tarvae developing in thick-skinned fruits, such as water- 
melons and pumpkins, often remain in the fruit after becoming full 
grown several days longer before emerging to pupate than they would 
have done had they been less confined. During the cooler seasons of the 
year the length of the larval life wilt probably be found to be much longer. 
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Table II . — Duration of the larval stage of the melon fly 


Ntmiber 



Number of hours in — 


Average 

of sped- 







mean tern- 

mens 

under 

obser- 

period of 
development. 

Host fruit. 

Instar 

Instar 

Instar 

Period in 
larval stage. 

perature 
for period 
of devel- 

vation. 



I 

3 

3 


opment. 







Days. Hours. 


I 

Sept. to 2Q. 

Papaya 

26 

24 

50 

4 ‘ 7 

78, 2 

I 

-do 

do 

24 

25 

54 

4 7 

79 

■T 

do 

do 

25 

25 

SI 

4. 10 

79 

I 

Sept. 2 =; to .^0. 

do. 

27 

25 

60 

4 16 

79 

I 



26 

40 

52 

4 22 

79 

I 

Sept. 29 to 

do 

24 

24 

60 

4 12 

78. 2 

1 

Oct. 4. 1 







I. 

do ' 

do 

23 

23- 5 ^ 

60 

4 10 

78. 2 

I 

do ^ 

do 

23- 5 

22 

60 

4 10 

78. 2 

I 

do i 


23- 5 

23- 5 

60 

4 II 

78, 2 

I - 

do 1 


22. 5 

23 

60 

4 II 

78. 2 

I 

do 


25. I 

36 

60 

5 I ! 

78. 2 

12 

Atig. 22 to 26. . 

Cantaloupe . . . 




5 

79 

55 

Aug. 22 to 27 . 

do 




6 

79 

28 

Aug. 22 to 2 A . 

Cucumber. . . 




6 

79 

42 

Aug. 22 to 29. . 

Cantaloupe . . . 




7 

79 


do 

Cucumber . . . 




7 

79 











THE PUPA 

At mean temperatures varying from 71.6° to 79.4^ F., the pupal 
stage ranges from to 13 days, as determined by observations on the 
1,400; pup^ recorded in Table III.. As the mean winter monthly tem- 
perattires seldom fall below 70° F., 13 days is probably close to the 
maximum length of the pupal stage during the cooler seasons in littoral 
Hawaii. 

TABiyB III . — Duration of the pupal stage of the wMon fly ^ 


Date of pupation. 

Bate of emergence. 

Number 
of adults 
emerg- 
ing. 

Number 
of days of 
pupal 
stage. 

Average 
' mean 
tempera- 
'■twre., , 

Aug. 14, a, m 

Bo ■ 

Aug. 22, a. m . ..... 

■ ■ 5 

8 

V. 
78. 7 

Aug. 23, a. m 

! ' 2'5 

,' 9 ' 

: 78.9 

Do 

Aug. 25, a. m. 

' ' I 

XI ■ 

78.9 

,Aiig. 17, a. m ■ 

Bo 

do. 

60 

8 

' 79 ‘ 3 , 

Aug. 25, p. m. , . . . . 


8-5 

: 79 * 3 ' 

Bo.' ' 

Aug. 26, a. m . - . . . . 

■27 

' 9 

. 79.2 

Aug. 18, p. ni 

. . . .do. 

.2 

7^ S' 

■ '■ 79-' 3 

Do 

Aug. 27, a. m . . , . . . 

■ 10 

" ■ S,s ' 

■ ' 79''4 

Sept. 17, a. m .■ 

Sept. 26, a. m. ..... 

26 

9 '' '■ 

■"", 79.2. 

■ Bo'. * 

Sept. 27, a. m 

37 

10 

' 79. 2' 

Sept. 204 a. tn ■ ' 

Sept. 29, a, m. . . . . . 

355 

'■" , 9 

■ 79-4 

■Do.' 

Sept. 30, a. m. . . . . . 

33 

lO^ ■ 

/ ' 79-3 

Sept. 19, a. m.'. 

Sept. 28, a. m, 

300 

'■ ^ 9 ^ ' 

'■■" 7 ^ 9*,4 

Bo ' .'.'i 

Sept. 29, a. m. . . . . . 

, 15 

, ■ 10 '■■! 

■".■ , 79-3 

■ Feb.' 3, a. m. .'. . . . . .... . ....... 

Feb. 15, a. m. .. .... 

■45 

■' ' 12 ■■ ' ''i 

'71. ■d 

'■',Bo.^. .... 

Feb, 16, a. m. 

i ' ■ . . r92^ 

13 

71. 6 

'Feb. 4,.' a. m", ^ ■. ■. . .■ 



12 

71. 6 

Bo^.. ■.;. 

Feb. 17, a, m. . . . . . . 

, '22S 

13 

71. 6 


of; piip'se tinder ■observ’aUoa:;:!, 40^ 
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THE ADULT 

The adults of the melon fly have proved most hiterestiiig from the 
standpoint of general hardiness, longevity, and ovipositioii. 

Longevity.' — A t the present time (Aug. 30, 1914) writers have 
about 205 adults that emerged on February 17. They are, therefore, 6 
months and 14 days old and are as strong and vigorous in appearance 
and action as when they emerged. Of the 248 adults alive on June 1:9, 
but 15 females and 28 males have died to date. If the death rate con- 
tinues as low in the future, a few adults will probably live to be a year old. 

Sexual maturity. — Neither male nor female melon flies are sexually 
mature when the}^ emerge from the pupa. Out of about 200 individuals 
emerging on May 24, one pair was noted in coition on June 13, or 20 
days after emergence. Among a second lot of adults, emerging on 
May 23, no adults mated until June x6, when two pairs were seen in 
coition. The majority of females in these lots did not mate until fully 
25 days old. The daily mean temperatures for the period from May 
23 to June 16 averaged 75.5^ F. Sexual activity begins only at sunset. 
From sunset to dark copulation occurs and lasts in many instances until 
daybreak. 

OviPosmoN. — At mean temperatures averaging 75.5^ F., females 
did not begin egg laying until about one month after eclosion. While 
fruit was, placed in jars with about 1,000 adults which emerged from 
May 23 to 25, no attempts at oviposition were noted until June 23, 
when 12 punctures containing no eggs were made in a mango by females 
that emerged on May 24. The first eggs, 12 in number, were laid on 
June 25, or 32 days after eclosion. No eggs were obtained from females 
that emerged from May 25 until June 28, or 34 days after eclosion. 

Daily rate oe oviposition. — -While females do not begin ovipositing 
until about i month old, they continue to lay eggs for a long period. 
Thus, in Table IV is recorded the daily rate of oviposition of seven 
females during the first three months after emergence, while in Table 
V is recorded that of three females during the fourth, fifth, and sixth 
months of their life. 


Tabi^E ISJ.— Daily rate of oviposition of the melon flies that emerged on May 25 and were 
placed separately with fruit on June 25, igij 


Number of eggs deposited. 


Date of obserratioa. 

Ely 

No. I. 

Ely i 
No. 2. \ 

Ely 
No. 3. 

Fly 
No. 4. \ 

Ely 
No. 5. 

Ely 
No. '6. 

Ely 
No. 7. 







23^, 





■ 13 


U 
























14 

1. . . . 





12 











' 9 ,i 


■ 14 




X 9 











/,'■ 19 






















*' ' . * * :* • 



» -r * 4 ’f . 


10 


.. . 


.July 10. 

' ',12. 
: ^'13. 

■ 14. 
,15. 
x6. 
'17. 
■■ ' 18. 

, ^9- 
20. 
at. 

■ . 22, 
2$. 
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Tabi^® IV , — Daily tale of oviposition of the melon flies that emerged on May 25 and were 
placed separately with fruit 071 June 2^14 — Continued 



Number of eggs deposited. 

Date of observation. 

Ply 
No. J. 

Fly 
No. 2. 

Fly 
No. 3. 

Fly 
No. 4. 

Fly 
No. 5. 

Fly 
No. 6. 

Fly 
No. 7. 

Iniv 2A. 










26 




0 


2"? 


2’7 

20 







28 

20 





21 



"V 

20 








. 31 

Aug. I 




10 


5 





ie; 




2 








4 


2 



15 



K 




2K 




6 

16 









6 



.. 



8 

IQ 




10 

•2 

8 


20 





0 



JX 

i 



6 


I 



12 





2 



X'S 






10 



14 

16 






2‘2 




i 10 







16 






'i'l 




18 




II 

5 


9 

IQ 

12 







20 * . • - * . . . 








21 









22. 

23 - 

24 

17 

12 



9 

8 



* / 






Total....... 

ISS 

20 

47 

55 

116 

89 

, „ '51 
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TablB "—Daily rate of oviposition of melon flies that emerged on February if and 
were placed separately with fruit on May 22, igi 4 — Contimied 


Date. 

Number of eggs 
deposited. 

Date. 

Ntimber of eggs 
deposited. 

Fly 
No, I. 

Fly 
No, ii. 

Fly 

No. 3. 

Fly 
No. 1. 

Fly 
No. s. 

Fly 
No. 3. 





Ttily 17 








18 








19 

. . 16 



^0 




20 




J 4 



9 

21 

2 



-^5 

I 


on; . . . ... 




12 


2^ 




^7 



24 


14 










^9 




26 . . 



17 

; ^3 


10 



27 

s 

28 




28 



4 


20 




^6 

'>A .... 



^0 . , • 



' 4 





31 

13 


, ' • * * * 




Aug. I 



< 5*7 . . ..... 




0 . ........ 




* / ' • • • * 


! 

10 

^ 

13 



, 

<?n . 



4 . 


• 12 

9 ' j 

. <20 , 

. .' 18 



5 



0^ ‘ ; 

Illlv T . - 




6 




J UIJ- 1 . . 

2 




7 ....... 









. 

8 


8 

17 

V*J ••'***.***** • 




q 

00 0 

M 

^ r * • * • • 




10. . 


21 

6 




II 


*7 




12 .... 

10 


21 

8. 






fi 


7 


14 




xo. 



I < 



22 

IX 




16 


12 ’ 

. ' 12 . . 





12 



3 



■ 18 


14 

. . . 

T 4 



Total 



-*- 4 * 

I fi , ' . 


16 


166 


169 

' ' 16. 

3 




, While the individuals whose, rate of oviposition is recorded' in Table 
V were not given an opportunity to oviposit during the first three months^ 
it will be noted that they oviposited quite as freely at the end, of the 
sixth month as did the youngest females. There is no reason to believe 
that the first group of melon flies (Table' IV) will not continue to oviposits, 
since, 'the 'second group (Table V), even before^ they had an opportunity 
to oviposit in fruit, oviposited on the sides, of the jar containing them. 
It', "Will .'be,, noted that theTemale melon fly oviposits' very irregularly. 
She is inclined' to deposit a large number of' eggs at greater', intervals, 
whereas the. female of the Mediterranean . fruit fly deposits a,' smaller 
number nearly every day; Thirty-six eggs is ,the largest' number, ever 
secured from , one melon fly in one day. ',' The' greatest .daily ' .average 
thus 'far ^'recorded 'is .that' 'of fly No..^ t of Table ' IV, which' laid "'a',."totaI', of, 
'^55 during the first '46 days after she commenced . ovipositing,, .'an 
average of 3.4 eggs per day. 



IDENTIFICATION OF THE SEEDS OF SPECIES OF 
AGROPYRON 


By Robisrt C. Dafilburg. 

Seed Analyst, Agricultural Experiment Station of the University of Minnesota ^ 

INTRODUCTION 

The identification of the “seeds’’^ of the species of Agropyron is an, 
important problem to the farmer, the seedsman, and the seed laboratory. 
Agropyron repens (quack-grass) is recognized as a dangerous weed, and 
the similarity between the seed of this species and other common but 
more desirable species of Agropyron gives rise to confusion. Up to the 
present time no diagnosis has been discovered which appears to be en- 
tirely satisfactory for use in seed-laboratory practice. This paper deals 
only with the seeds of the species of Agropyron which are common in the 
Minnesota seed trade — ^viz, (i) quack-grass (A. repens (T.) Beauv.); (2) 
western wheat-grass (A. smiihii Rydb.); and (3) slender wheat-grass 
(A. ienenim Vasey). The diagnosis here presented has proved to be not 
only sound but easily applied in many hundreds of tests made at the 
Minnesota Seed Laboratory. 

HISTORICAL REVIEW 

The species of Agropyron are quite easily distinguishable from each 
other when characteristics of the root systems, leaf characters, spikes, 
and spikelets are taken into consideration, and these differences are de- 
scribed in standard works on the taxonomy of the flowering plants (i, 
2, 3, 4).^ In so far as the seeds are concerned, however, these pub- 
lished descriptions are not sufficiently detailed for use as a basis for 
identification of seeds alone. Hillman (5) published detailed descrip- 
tions of .Agropyron spikelets which agree in every way with' the observa- 
tions of the writer, but do not include individual seed characters in suffi- 
cient detail for an accu,rate diagnosis of the seeds alone. ' ' 

Stevens (8, ,p. ,113) describes ' in ' some detail the empty flowering; 
glumes, the size and shape of the seeds, and the rachilla of several specieS: 
of Agropyron. His descriptions, except as tO' the rachilla, agree essen- 
tially with those of the writer. The rachilla Is described by Stevens aS; 
follows; 

The footstalk (radiilla) in Agropyron repem is entirely smooth, while in Agropyron 
occidentale it is rather variable, but commonly with scattered, short, stiff hairs. 

While this may appear to be true when seeds' are ''examined under a 
low-power' lens, yet the rachilla of seeds 'of A r repens when' magnified', 

1 TThe writer wishes to.'acknowled'ge the assistance of Dr. E. M. Ereemaii, Assistant, Dean, 'and Chief 'of' 
the Division of Botany and Plant Pathology, and Mr. W.X. 'Oswald, Chief' of the Seed .Laboratory, M.in-, 
nesota Experiment Station, in planning tho work and giving snggestions. 

® The word"*' seeds” is used in this' paper rin its commercial sense and includes the grain, or caryopsis,.,'. 
inclosed in its persistent glumes, lemma, and palea, with the persistent rachilla segments. 

^ Reference is made by number to Literature cited,” p. aSr. 

A-Syn, A^ropyrmi smitktU'. 
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to about 32 diameters exhibits very definite hairy characters, as described 
below. 

Pammei and King (6, p. 170) published a brief account of the seeds 
of A, repens and A, smitkii in which the main points of difference are 
pointed out as being found in the shape of the palea and in t!ie hairs 
on its face and edge. While these distinctions are in the main correct, 
they are insufficient for a complete diagnosis. As to shape of the seeds, 
these authors make the following statement: 

The seed of quack grass is more slender and spindle-shaped, while that of western 
wheat grass broadens out somewhat toward the tip, after the manner of l:3ronie and 
some other grasses. 

According to the results of the examinations of a large number of 
seeds, the writer finds that the difference in shape above noted is not 
constant. Hence, its use as a single determining character is not 
warranted. 

In a taxonomic key of seeds of Agropyron issued by vSarvis, (7, p. 2) 
the rachiila of A, repens is described as being “puberuleiit, each hair 
being glandular at the base.'' According to the writer’s observations, 
the rachiila would more properly be described as hirsutulous. More- 
over, in order to discern the glands at the base of the hairs, a conipoitnd 
microscope is required, which makes the use of this character imprac- 
ticable for ordinary seed-laboratory ■ methods. Even with such high 
power, the glands are not always clearly discernible. A glabrous palea in 
A. repens and a hispid palea in A. smithii are indicated by Sarvis as 
important characters in the determination of the Agropyron species. 
While this is true for the majority of seeds of these species, the writer 
has found many seeds in which this distinction does not hold. These 
characters intergrade to such an extent that they are not only unre- 
liable, but are misleading as a single diagnostic criterion. vSarvis also 
holds that the tip of the palea of A. tenerum is very pubenilent. This 
is true not only for the species above mentioned but also for A. repem 
and A.. smiihiL 

SEED CHARACTERS OF SPECIEvS OF AGROPYRON 

In the determination of seeds of Agropyron there are no absolutely 
fast^ and definite single characters by which a seed of one, species may 
be unfailingly' distinguished from the seed of. any other species. Varia- 
■ tioii is found not only in the seed but also in the other unit parts of the 
plants, particularly in the spikes and spikelets '(Pis. XXXIV,' XXXV, 
and XXXVI). Moreover, seeds growing in different localities may 
•exhibit considerable variation.' This variation necessitates a.' dose 
'Study of numerous characters of each seed, and any diagnosis tO' be of 
' ■value must', be based on a large number of seeds collected from a wide 
range and under widely differing conditions. 

""It is" also obvious that the larger the number' • of seed characters 
•which are studied the greater will be the possibility of making an accu- 
rate, determination of the spedes under examination. ' A, single^ char'- 
acter' may vary to such anoxtent asTo'be'quite untypical of the species, 
and ^consequently a determination, based upoU' only, one",character may' 
be incorrect, and therefore misleading. •'" The necessity 'for ■■'an 
•' mate knowledge' of several' distinguishings characters,., .is '„.ev'e,n snore 
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pronounced when Agropyron seeds become so mutilated that portions 
of the glumes are destroyed, as is frequently the case in commercial 
seed mixtures. In some cases the glumes are entirely gone, leaving 
only the grain, and determinations according to characters described 
below then become impossible. No satisfactory method of real prac- 
tical value has yet been worked out whereby the seeds without the 
glumes may be accurately determined, and it seems probable that in 
such cases one may be compelled to resort to microscopic sections. 
One characteristic difference may be noted, however — namely, that 
the color of the matured grain of A. tenerum is somewhat lighter than 
that of either A , repens or A . smithii. The two latter approximate each 
other closely in color. 


SOURCE OF seeds 

Materials for this work were secured from as many sources as possible^ 
as given in Table I. Only those samples have been considered which 
were obtained from and determined by a competent botanist, who was 
sure of the origin of the seed. 


Table) I. — Sources of seeds of Agropyron spp. tised in investigation 


1 

Source of seed. 

A. repens. ! 

1 

! 

A. smithii. i 

A. teriemm, 

Canada (Manitoba) ; 

1 


(a\ 

Illinois (Chicago) ^ 


(«) 

(o) 

Iowa 

(a) 

(“) 

(a) 

a 

(“) 

Michigan 


Minnesota. 

(a) 


New York (Geneva) 


North Dakota. i 

(4 

( 0 ) 

(“) 


North Dakota ^ 

(a) 

Russia ^ 

' («) 



Washington (vState) 

(fi) 

(a) 

Wisconsin ^. 

a 


Wisconsin 

(«) 


|a) 

\a) 

Wyoming 

(a) 




« Sample received. 

^ Broru Seed laboratory of United States Department of Agriculture, Washington, D. C. 


LABORATORY methods OF IDENTIFICATION 

It is obviously necessary ' that all methods of identification, especially 
for use by farmers or seedsmen and even for seed laboratories,,, be, as" 
simple as possible and that they do not require elaborate or expensive, 
apparatus. If, however, the distinguishing characters ' are' .not Visible 
to the naked eye or with the aid of an ordinary .magnifying glass,"' then it 
becomes absolutely necessary to use a higher power of magnification. 

In, the identification of seeds of Apro^yfo,^''spp..',it is advisable to , .use 
magnification of about 32 diameters for the best results. The Greenough 
binocular giving the stereoscopic view has proved very satisfactbry. 
It .is absolutely necessary when examining.:s'eeds under' thevlens' ,'to ''pla^^ 
,them,'s0 that the base, of the 'seed is,' toward'.'the,,light,:ih.,wM 
■ the light will'., be ,. properly reflected ' from the' hairs, ',.taaldhg them''''appear,: 
dear and well 'd'efined. 
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shap:i^ op seed 

The seed of A. repens (fig. i, ^4) has its point of greatest divergence 
abont midway between the base and the tip, differing in this respect from 
.4 . ieneruffi (fig. 1 5 C) , which has its point of greatest divergence about one- 
third of the length of the seed from the tip. The lemma and the palea 
of the latter species fiare out more or less at this point, tints making the 
seed look flattened and thin. In the majority of cases the seed is uiisym- 
metrical in shape, the top portion of the glumes being affected by a 
lateral displacement, as shown in the illustration. This makes possible 

a quick and accurate deter- 
mination of a bulk lot of 
seeds of .4. ienerum. The 
seed of A . . smiihii (fig. i , B) 
has the same general shape 
as that of /I. repens ^ but it 
is larger and has a more ro- 
bust appearance. 




RACHIEhA 

It is impossible to de- 
scribe very definitely the 
characteristics of the ra- 
cHlia of the different species 
of Agropyron because of the 
variation. In a general way 
the sides of the rachilla of 
A. fepens are more nearly 
II |i\ ' , ' ‘ fj\ , I 1 parallel, and the rachilla 

II IV' •''"//! 1 1 If itself is more or less ap- 

pressed to the palea. In 
A. smiihii the sides of the 
rachilla diverge.' noticeably 

III lliliW the point of its 

attachment, ihe rachilla 
stands out more promi- 
nently from the seed, being 
materially different in this 
respect from, A. repens (fig. 
2 ). The rachilla of A. ten^ 
.ermn has no particiilaiiy 
characteristic shape, vat 3 diig' 
from the slender to the short, stout, diverging type. A very good idea 
of reiative^size and shape of these seeds may also be gained by studying' 
Mate XXXVII, whidi shows typical seeds, together ' with a , typical 
spikelet of each of : the three species. 

^ The hairs clothing the rachilla constitute a ' valuable character used 
in, the deteimiiiatioii of the seed. However, care and good judgment 

mmt be exercised because of the great variation which may occur. 

characteristic rachilla of A. repens (fig. i, ri) is sparsely covered 
with short, minute hairs having a rather large base. Occasionally a 
glandular structure may be discerned at the base. Tins, however, can 
only be seen with a high-power lens and is not considered of sufficient 


Fig. J'.— Detail drawings of dorsal view/ of Agropymti spp, 
Agropyron ' repens; B, /i. smithii; C, A. ienerum. 


X.9. 
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importance to warrant its use as a determining character. No racMlla 
of A, repens has been found which had the hirsute character of A, smithii 
(fig. 1 5 B) or the pilose character of A. tenenim (fig. i, C). 

The rachilla of A, smithii is characterized by hairs of the same gen- 
eral shape as the hairs found on the rachilla of A. repens. They are, 
however, larger and strong-erand the number is noticeably greater. TMs 
characteristic is fairly unifomi. 

The rachilla of A. ienenim is characterized by hairs of a pilose nature. 
They are long as coiripared with those of A, repens and A, 'smithii, and, 
may often be distinguished by this feature alone from these two species, 
as the pilose nature has never 
been observed on them. 

However, an absolutely au- 
thentic specimen of A . ienerum 
has been examined which had 
a rachilla much resembling 
that of A . repens. The hairs 
were short, but were not as 
large as the base. Other 
characters on the seed, how- 
ever, made it possible to place 
it accurately in the species 
tenermn, 

LEMMA 

Another distinguishing 
character and one which is 
reliable as to uniformity may 
be found at the base of the 
lemma on the ventral side of 
the seed. ■ In A , ienerum (figs. 

2, XT, and 3, C) there is a line 
' of hairs which extends from 
the base of the rachilla on the 
dorsal side of the vSeed around 
and entirely across the face 
of the lemma on the ventral 
side near the ■ base of , the seed. 

Ill some cases' it may be 
impossible to , distinguish the 
hairs ,011 the middle ,of the' 
lemma, but the surfaceof the 
lemma at this point is rough- 
ened ' .sufficiently so, that it is noticeable. This is a fairly' .definite 
character. 

The seed, of' A,' repens (figs. 2, A, and 3, ,A) has no such characteristic 
line of 'hairs, but' the basal portion of' the, lemma is entirely smooth and 
shiny. This character in the seed of A, smithii (fig. 3, B) is somewhat 
variable and is therefo,re not of much value. Most ' commonly , however, 
it'is found that the ring of hairs extends part way around on either side, 
and' on the middle of th,e lemma there is a space which usually is entirely 
smooth,". 



Fig. 2.— Side views of basal portions of seeds of AQropytmt 
spp., showing the relative projection of thelrachilla: A, 
Agropyronrepetis; B, ,A, smithii; C, A. iemnmi, X 9. 
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PALEA 


The part of the seed which discloses good and reasonably definite 
characteristic differences is the palea. The face of the palea in A . re pern 
and ienerum (figs, i, A, and i, C) is practically glabrous, except near 

the tip, where it is piibertileiit. 
Occasionally there is a small number 
\ ^ of hairs distributed over the face of 

I |l the palea. Since the tips of the palese 

\ di in both of these species are always 

\ puberulent, this can not be used 

\ M ns a distinguishing character. The 
^ #7 of smithii (fig. 

^ I, S) is quite hirsute over its entire 

riG. 3,— Detail drawings of ventral view of seeds SUrfacC. 

The hairs on the edge of the palea 

have a distinctive shape for each of 
the three species and are very useful as a determining factor. Those of 
A, repens (fig. 4, A) are rather short, stout, and somewhat blunt. Those 
of A. smithii (fig. 4, 5 ) are about as coarse as those on A. repens ^ but 
are noticeably longer, thus making them appear more slender. On 
A. ienerum (fig. 4, C) the hairs are finer, closer together, and more 
acutely pointed than in the case of 
the two others. I U P7|/ 

The palea of A. smithii (fig. i, B) fj ! w if 

has a very characteristic tip, which • w - trf / j 

character runs fairly uniform through- ^ iW if 

out the species. The tip of the palea j 74 f 

is definitely divided, making a well- 
defined cleft (PI. XXXVII. 2, a). In ""“hdknfsfapf 
some cases it is rather difficult to dis- ^^ropyrni repens; B, A. smtihii; C 

tinguish this cleft, as the lobes may ■ 

be slightly overlapped. The tips of the palea of A . repens and A . tenermn 
are simply rounded or only slightly indented. 


— 1 

1 

1 

• i 
\ 

1 ' 

7 i 

r 

i 


r| 


\ 


J 


Fig. 4.--- Edge of racliilla in Agropytm spp., 
showing shape and comparative size of bris- 
tles; a, Agropytmi repens; B, A» smithii; C, 
A. tencrum. X 9 . 


SUMMARY 

It is possible by careful examination to distinguish in commercial seed 
mixtures the seeds of the three species of Agropyron: A. repens, A. 
smithii, and A. ienerum. 

There is no one character which can unfailingly be relied upon for this 
diagnosis, but the combined characters of lemma, palea, and rachilla 
are necessary for a safe determination. 

Probably the nearest approach to a single critical structure is found in 
the palea, which exhibits fairly definite characters in each of the species. 
The diagnostic differences are summarized in Table II. 
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Table II. — Diagnostic differences of Agropyron spp. 


Character, 

A. repetis. 

A. smithii. 

A. te.nemin. 

Shape of seed 

Boat-shaped 

Boat-shaped 

Widest one-third of dls-. 
tance from .the tip, 
which is -more ot .less 
flattened. 

Rachilla 

Palea: 

Sides approximately 
parallel. Hairs few, 
short, and stout. 

Sides divergent. Hairs 
numerous, stout, but 
Ion gerthan those 
which characterize A. 
repeiis, | 

Variable in shape and 
' size. Hairs numerous,, 
slender, and long. 

Face 

Puberulent at ti p ; otlier- 
j wise glabrous. 

1 Hirsute over entire face . . 1 

Puberulent at tip. Re- 
maining surface gla- 
brous. 

Edges 

Characterized by .short, 
stout, and blunt hairs. 

Hairs stout, but longer 
than tho.se of A. repens. 

Hairs fine, acute, and 
close together. 

Tip.. 

Rounded or indented ... 

Cleft 

Rounded or indented. 

Lemma 

Smooth and shiny at 
base on ventral side. 

Usually with a break in 
the line of hairs on ven- 
tral side at base of seed. 

Line of hairs exte'iids 
across lemma at its 
base. 
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; ■ PLATE XXXIV 

Agmpyrm Spikes -showing- -degrees of variation which inay- occur., ■ .A 

typical spike ' A' side, view of .this spikelet ma-y-- be seen' at top portion- of .this- spt!,<;e 
.Natural size. . ' ' 
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Plate XXXV 



PLATE XXXV 

Agropyrofi^'mitkii: vSpikes showing degreCvS of variation. *4 , typical spike. Xatural 
size. 



PLATE- XXXVI 

' Agmpjrofi teneruni:. Spikes showing degrees -of variation. ' Af. typical' spike . ' Nat- 
rtirai'size. ' 
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PLATE XXX.VII 

Agmpyron^ spp.: Typical seeds and spike lets. Biilarged 


B'ig . i . — A gro pym n tepens . 
Fig. 2.—Agropyron smithit . . 
Fig. 3. — Agmpyron ieneruru 
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OBSERVATIONS ON THE LIFE HISTORY OF AGRILUS 

BIEINEATUS 

By RoYAE N. CHiiPMAN, 

Graduate Assistant, Division of Entomology, Department of Agriculture, 
University of Minnesota 

INTRODUCTION 

At the present time the two-lined chestnut borer, Agrilus hilineatm 
Weber, is commonly associated with the death of many oaks {Quercus spp.) 
in the southeastern part of Minnesota. In 1885 reports called attention 
to the damage done by this insect on oaks in Massachusetts, and since 
that time they have been frequently mentioned as enemies of the chestnut 
(Castanea dentata) and oak. It was not until 1 897 that F. H. Chittenden ^ 
described the adult, the larva, and the pupa, in connection with a brief 
summary of its life history, so far as it was known at that time. In this 
article it was stated that the adults appeared in the District of Columbia 
from May to the middle of June and laid their eggs on trees and that 
the larvae worked under the bark across the grain of the wood, making 
a burrow from 6 to 10 inches in length, and by the next spring had 
constructed a chamber in the bark of living trees, where the pupal stage 
of about two weeks was passed. Although the name of this beetle has 
been common in current entomological literature, nothing of note has been 
added to the knowledge of its life history since Chittenden's article. 

During recent years in the neighborhood of St. Paul and Minneapolis 
great numbers of oaks, many of them on valuable residence property, 
have been killed, and their death has commonly been attributed to this 
pest. In some of the outlying country districts areas of several acres in 
extent have been completely devastated, leaving the land treeless. 

The present work was begun at the University of Minnesota during 
the fall of 1 913 at the suggestion of Prof. O. W, Oestlund, of the Depart- 
ment of Animal Biology, under whose direction the problem was out- 
lined and the work on the larval and pupal stages begun. In the spring 
of 1914 the work was continued at the Minnesota Agricultural Experi- 

Cliittefiden,' F. 'H. 'Insect initiry to ■ chestnut and -pme -trees in Virginia and neighboring States. In , 
U. S-:''Uept.-;Agr,, Biv. Entom, Bui. s.^ p.' 67-71. 1897. ; , 

Journal of Agricultural Researdi, Vol. Ill, No. 4 

Dept, of Agriculture, Washington, D, C. Jan. 25, 1915 
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ment Station tinder the direction of Prof. A. G. RttggleSj in charge of 
the Section of Spraying and Tree Insects, Di\dsioii of Entomology. 

The aim of this paper is to report new observations on the life history 
and ecoiogic relations of Agrihis hilineatus. The descriptions of tlic 
adults, larv«, and pupae, already referred to, are so well known to ento- 
mologists that they will not be repeated. The drawings reproduced in 
Plate XXXVIII of the beetles, pupae, larvae, and eggs were made at the 
Department of Animal Biology under the direction of the a?iitiior. The 
photographs reproduced in Plate XXXIX were made at University Farm 
by the Experiment Station photographer. 

The egg-la3dng habits have been described in this article in some detail 
because they have not been known to Htemture, and the same is true of 
the leaf-eating habits of the adults. The same may be -said of the eggs 
and nemdy hatched larvae. Some of the observations of the life history 
of the larvae have not agreed with previous descriptions, and these, 
together with a few additional notes on habits, are included, while others, 
together with the details of the pupal stage, will be deferred to a later 
report. 

ECOLOGY 

The four common species of oak in the southeastern section of Mitine'- 
sota, Quercus alba L., Q. macrocarpa MiciiK., Q, rubra E., and Q, coccinea 
Wang, are subject to infestation with Agrilus bilineatus. It seems that 
the members of the black-oak group are slightly more susceptible to 
attack than those of the white-oak group, but in localities where the infes- 
tation is severe none of the species is exempt. 

In some cases the adult borers appear to prefer trees of a certain locality, 
or, in other cases, certain individual trees, -to others even in the immediate 
vicinity. In general, this preference is associated with a weakened con- 
dition. of the trees, but this is by no means universal. The environmental 
conditions Pf certain localities, such as drought, crowded pasturage, or 
cultivation, have' made nearly all the trees subject to infestation by thci 
two-lined chestnut borer, possibly because of a general weakened cotidi- 
tion. In other cases individual trees weakened by injury or disease 
have been attacked, while in still other cases trees which show no signs 
of weakened vitality are attacked and killed by this insect. 

It has often been found that the shoestring fungus, Armillaria meUea 
■Vahlylias apparently been the^ cause of, the weakened' condition of the 
trees, and the chestnut or oak borers have followed it. In fact, it has 
sometimes 'appeared that' A, mellea was the primary cause of the death 
of: the trees and that the Agrilus beetle was of only secondary impor- 
tance.. ' An example of this .was found' in the neighborhood of Take Elmo, 
Minn., 'wherea few dead trees' were found: with, the fungus Armillaria, but 
with no traces,' of, larvae', of,' the two-lined . chestnut .borer.', ■ These .obser-, 
.vations,' together' 'with, "others.' 'whielif"''showed ' the^ shoestring "fungus .,on' 
practically every tree on which t'he; Agrilus beetles,,. were ovipositing, , made 
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it seem probable that the fungus was the primary factor in causing the, 
death of the trees. 

In the vicinity of Robbiiisdale, Minn., and in other localities, the 
Arniillaria fungus is present., but is not so apparent, and all the dead trees 
show traces of oak borers. Furthermore, many trees with dead trunks 
started up from the roots the following year and gave every evidence of 
suffering from the girdling of the cambium layer rather than from a root 
infestation with the fnngus. 

At Robbinsdale a ti'ee was observed on July 27 with its leaves wither- 
ing as if it had been scorched, a characteristic of trees infested with 
Agrilus hilineatus. Three clays before (July 24) this^ tree had appeared 
perfectly normal, but on the 27th the entire trunk of the tree was being 
girdled by the beetles. It was grubbed and its roots were examined by 
Mr. F. J. Pienieisel, of the Division of Plant Pathology, who stated that 
the fungus Armillaria mellea was not present and could have nothing to' 
do with the death of the tree and that the root system seemed perfectly' 
healthy. Other trees examined since gave similar evidence. 

It has not yet been possible to show any relation between the amount 
of fungus present on a tree and the severity of the attack by the beetles. 
On land that was being cleared for cultivation near Lake Elmo 40 appar- 
ently healthy trees were attacked by Armillaria •mellea^ and none were 
found to be free from it Furthermore, W. PL Long states ^ that a large 
percentage of the oaks examined by him in the eastern section of the 
United States have been found to be infested with the fungus. If this 
is true also in Minnesota and the presence of the fungus is taken as evi- 
dence of the low vitality of the tree, all but a small percentage of the 
oaks in Minnesota are now susceptible to attack by Agrilus 'Minenlus, 
and in all these cases the beetles must be looked upon as of only sec- 
ondary importance. This, however, would possibly place undue weight 
on the mere presence oi Armillaria me/lea, 

, As mentioned' above, in a few cases in the vicinity of Lake Elmo the 
death of the trees may be due to Armillaria rmlha^Xone. In the majority 
of cases' the fungus was present, but the trees were girdled by the'Lwo- 
lined chestnut borer, seemingly a hastening factor, at least, in the death 
of the trees. There still remains the possibility that the fungus was the 
primary factor. ■ , There are cases, . as already mentioned, where , the 
borers alone have attacked and killed apparently normal trees when the 
fungus was not present.' 'The economic importance of This; condition 'ca.n 
hardly be overemphasized, for it means that the Agrilus beetles, in spite 
of their supposed preference for unhealthy trees, chose one healthy tree 
'when many trees infested with the fungus wiere available, indicating' that 
the ittterrelation.between the:A:m^//ana;me//ea and' the Agrilm hilimatm, 
may not be of such primary importance, as would appear at first. 
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THE adults 

On the i7tli of June the first observations of the adult Agrikis bilineaUis 
were made in the vicinity of Lake Elmo, Miiiii. Early in the after- 
noon two or three could sometimes be seen at one time on a dying tree. 
On the same day an adult was taken from its pupal cell iii the baric, and 
a iaiwa was found preparing to pupate. vSince no adults were seen two 
days earlier while the author was collecting in the same locality, it seems 
that these obseiwations fix the appearance of the adults quite definitely 
for this section in a normal year.- 

The adult borers increased in numbers until they reached their greatest 
abundance about the ist of July, when as many as lo were seen at one 
time on a small area of bark. In the afternoon of June 26, 80 specimens 
were collected near vSavage, Minn. There was a noticeable decline in 
numbers after the first week in July, and by July 20 the. last record of 
the adults was made. Continued careful search in the field after that 
time was not rewarded. 

During the last days of the adults’ flight many instances of apparent 
feebleness became evident. On; one occasion, while watching Agrilus 
beetles, a female was seen to fly slowly toward a tree apparently intend- 
ing to alight on it as usual, but the insect fell to the ground as if unable 
to cling to the bark. The 'borer then made a second attempt, which 
was also unsuccessful, and it was picked up from the ground where it 
was lying' apparently exhausted.. The behavior of other chestnut borers 
in the field and in the insectary leads to the belief that the last chapter 
of their history is marked by the feebleness of old age. 

Agrilus adults lived about 12 days. in the insectary, where they were 
kept in a cage inclosing an oak tree. The conditions were so favorable 
in the iiisectary, that man}^ details of the various habits could be studied 
to great advantage, and continuous observations throughout the season 
were made possible in spite of weather conditions. 

...The habits, of the Agrilus beetles were governed with such regularity 
that a ' seemingly definite program was discovered which served as a 
guide for later observations. At no time during the season' were beetles 
found, even on the , sunny side of ' the trunks, until nearly noon. On 
July 7 in a place near Savage, Minn., where the' adult borers were very 
abundant, a , careful search- was begun shortly after 9" o’clock in the 
morning and but one specimen was found at 9,30 a, m., a few at about 
,10 o’clock, and' not until I'l o’clock' were they found in their usual num- 
bers. Erom this time until shortly after noon they increased in num- 
bers; then they gradually disappeared until few were to be seen late in 
the day. The latest field observation was made about 6 o’clock. In 
the ' insectary .'the beetles were inactive in the bottom - of the cage., until 
about 8 a. m., when,.they would '.begin ,to',Sy, about. and-, feed 'on"the„;-foliage, 
of the- tree. Many were also observed ,co,urting"during' the ' early, f o-renoon.. 
The absence of the.beetles.from. the tree trunks,, which they frequent latetin' 
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the day, and their feeding habits as observed in the insectary, indicate the 
probability that tlic early part of the day is ordinarily spent in this way. 

It was definitely proved that the adults of Agnltis Ulineahis feed on' 
the foliage. They usually eat around the margins of leaves, but also 
tear off the epidermis and sometimes eat nearly the entire leaf, including 
the midrib. Plate XXXIX, figure i, shows a leaf on which four beetles 
had fed for 24 hours. They even ate the edge of a paper bag which was 
on the floor of the iiisectary, where most of the observations' were made. 

The difficulty of observing the feeding in the field was increased, by the 
protective habits of the beetles. The flight to and from leaves or logs 
and tree trunks was ordinarily quite direct, but in some cases they hov- 
ered before lighting. When disturbed, however, they flew rapidly in a 
zigzag manner, which is probably of protective importance, as under 
such conditions it is almost impossible to follow them even with the eye. 
If they are startled while at rest, they fold their appendages and drop 
to the ground, feigning death. They dodge from side to side very, quickly 
and run rapidly over any Idnd of surface. On one occasion a beetle was 
watched walking about inside a glass tube. It experienced no difficulty 
unless it tried to walk upside down upon the slippery concave surface, 
when it began to lose its footing. This was evidently not a new occur- 
rence, for it immediately put one of its front tarsi to its mouth and ap- 
parently moistened it; it then reached this appendage back to rub it 
against the posterior ones. When all the tarsi had been treated in this 
way, the beetle ran about until it began to slip again, when the process 
was repeated. 

On sunny days during the entire season males and females were court- 
ing and mating. These performances were often noticed on logs or 
woodpiles and on the foliage of small plants at the base of trees, as well 
as on tree trunks. The courting was usually abbreviated and sometimes 
wanting. Males were seen to fly from the air directly to females on the 
tree. At other times a male was seen to side-step to within an inch of a 
female, and then spread, its wings.asTf to fly before , advancing farther.. 

In one case' a male .stood near a female ,until she fi,nished;, 'Ovipositing 
and then mated with her. But it was not always the males that made 
the advances, for it was not 'iincommo.n to see females courting'' males,, in ,' 
which case they often found themselves ignored. In mating, the sexes 
were together from 2 to 12 minutes, with an average of about 4 minutes. 

, The females wvere, ovipositing from.' June 19 tO' July 13. No '"record 
of ovipositing was obtained before ii a. ni. and but one after 5.30 p. m. 
While it w^as not so common to see females actually ovipositing, they 
could fie seen nearly all the time during the hours of activity with their 
ovipositors,:,,out .searching for places 'to- oviposit. . They" laid the eggs in",: 
The ■bottomS':,'Of.,. cracks, 'but not 'every ^erack. was;',suitable. ' 'The',.,femaleS: 
went,'' ,cafef idly:' along, thdr;'C^I^sitors;''aS'' tactile organs,;', exploring: 

,'';eyery.Trevice.:;:,''.:'^.Jh,e;'':in$ect:';':ofteh::'''ap^eared.TO:'^:h^^ 
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rushed from one crack t.o a.nother until ' the proper place was found,. 
During the first week of July one female took 21 minutes from the time 
she liglited on a tree to find a place to lay her eggs. Not a ,mitu.!te of 
this time was wasted, and many cracks were rejected l,'>efore tlie favorable 
one was located. 

The cracks chosen for oviposition were usually ones that were quite 
deep. Ill one case a female used a crack which had evidently been made 
by lightning, but in all other cases a crevice at the !>ottom of a deep crack 
between ridges of the bark was chosen (PI. XXXVIII, ■,rig. 1). Since the 
bark is usually rougher on the trunk and larger limbs, especially near 
the ground, tiiore favorable places to oviposit are found on these parts of 
the tree. Observations were made' 25 feet from the ground, but few 
beetles were seen and none were looking for places to oviposit. In ex- 
a:miiiiiig trees which had been killed, it was found in one case that an 
egg had been laid iii a crevice at the axis of a small branch 41 feet 6 inches 
from the ground. On one tree which was. very badly infested practically 
every branch more than i )4 inches in diameter had burrows on it. 
Many attempts were made to find whether the sunny side of trees was 
preferred to the shady side, but, so far as could be determined, the beetles 
showed no pi'eference. From this . evidence it seems that the eggs may 
be laid on any- part of the tree -which affords suitable cracks and that 
since such cracks are most numerous on the trunk, this is the usual place 
for ovipositing. 

The females settled down when a favorable crack was found and were 
apparently motionless during oviposition. The beetles stood i,ri any con- 
venient , position du,ring the process, and there was no relation between 
the number of eggs laid and the length of time apparently spent in de- 
.positing them. Oviposition lasted from i to 5 minutes, and from i to ,10 
eggs were laid. It is probable that the number of eggs i:ti a cluster de- 
pends upon the favorableness of the crevices in which they are deposited, 
because the females usually hasten to find another place as soon as one 
cluster' has been laid. Just how ,many eggs are laid in all l,:)y one indi- 
vidual 'is, not kiio'wii. 

THE EGO 

, Plate XXXVIII, figure 2, shows a very typical cluster of four eggs, ,the,' 
average number, on a bit of ba,rk taken' from the bottom of a crack, j,ust 
.as they appeared within an hour 'after they were deposited. 0,iie of the 
eggs ' lies entirely exposed, showing the typical form of an''iu,idistitrbed 
egg, whUe... the others illustrate how nicely they mass together and ;fit the 
irregularities. 'of the . crevices; 'Tt wiU 'be 'noticed that, the eggs are not 
,p'kmp"biit' have, an 'unfilled, wrinkled appearance,' which, makes it' possible,, 
for them 'to fit into crevices,, of , all.. shapes. .'A typical egg, ' such ' as the 
exposed one, in the' illustration.,;' is, somewhat oval and,' measures .about 
94o/£ in 'length, 480/^' 'in width', and'-'about 300/^ in 'thickness.','.' '' T'he 'newly " 
laid eggs 'were.:'Covered .with ■a,'g:listenmg,,'''substaE€e' wMch'"' stuck 'them,'' 
firmly in place when dry.' ' ■■■i',-' ; 
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The eggs were hatched in the laboratory in from 10 to 13 days. It was 
foiiiid that the outer membrane became dry and shriveled 'and even 
cracked iti from 3 to 6 clays, while the inner membrane became brown 
and the embryo seemed to develop ai one side of the egg, which became 
plumper than the other side (PI. XXXVIII, fig. 3). 

When the lai-vae hatelied,^ they broke through the egg membrane on 
the vSide toward the bark and immediately began to burrow. As a result, 
they were not exposed to view, and the eggshells w^ere found filled with 
the frass which had been burrowed out at the start. In a few cases the 
eggs had been entirely loosened from the bark for examination, and none 
of the larvae from these eggs succeeded in getting a burrow started, except 
in one case where the egg was artificially fastened to the bark before the 
larva left it. Since the eggs are stuck to the bark in the depths of cracks, 
they offer a certain resistance to the larva's efforts, which makes it pos- 
sible for its mandibles to get hold of the bark and start the burrow. 

The newly hatched larvae (PI. XXXVIII, fig. 4) measure only from 1 
to mm. in length, but one was found capable of reaching the cambium 
la}’’er in 24 hours by burrowing for 2^ mm. The fact that the eggs were 
laid in the depths of cracks made it possible for the lan^ae to reach the 
soft cambium layer by penetrating but a few millimeters of hard bark 
tissue. Having reached the cambium layer they started off in any con- 
venient direction. Observations show that burrow^s made during the 
first instar often go obliquely across the grain of the wood or with the 
grain, the larvae being indifferent as to whether they go up or down the 
tree. If care is taken in x*eiiiovmg the bark when green, the tiny burrows 
can be traced to a widening of the burrow which marks the end of the 
first instar. The burrow^'S measured showed that the larv^ae had bur- 
rowed for a distance of 60 to 135 mm, when the first molt took place. 

Ill most cases the widenings in the burrovr occurred when the larvae 
had gone into the wood, less often into the bark, and were again returning 
to the cambium layer. It is evident that these points marked the limits 
of instars and that the molting took place in these excavations in the 
wood, w^hich w^ere often two or three times the length of the* larvae. 
Places were found, however, where the burrows showed that the molt 
had been made in the cambium layer. The longest larva found in a 
burrow of the first instar measured 4.6 inm. in length, and the average 
width of . the burrows was 270/1. . 

The burrows made during the second instar measured about 900/1 in 
width and took about the same course through the cambium layer, but 
They,' were, about, "twice, ,,as , long., ; ■ At the beginning of,, ' the .Third' 'instar 
quite a different course was usually found, especially in green bark on the 
trunks of trees, where the burrows were almost always transverse to the 
grain of the wood. The burrows of the fourth instar were about 2 mm. 
in width and often attained the length of 500 or 600 mm. Where the 
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bark was thick these burrows were quite generally transverse to the grain 
of the wood. This condition, as well as the oblique course of some of the 
smaller burrows, is well shown in Plate XXXIX, figure 3. 

At the close of the fourth instar the larva burrows out into the bark, 
if it is thick enough, and constructs a cell in which it hibernates. Here 
pupation takes place in the spring. These cells are found in the ridges of 
the bark on the trunk and larger limbs of the tree and in the wood on 
small, thin-barked trees and limbs. In constructing the cell, the larva 
burrows out to within a few^ millimeters of the surface of the bark, with- 
draws itself 2 or 3 mm., then turns about to one vside and excavates around 
the posterior portion of its body until an oblong cell has been constructed. 
The portion of the burrow leading to the cell, as well as the short portion 
between the cell and the bark, is plugged- with the frass loosened in mak- 
ing the excavation. It is evident that at least the portion of the frass 
at the outer end of the cell was never ingested, for if this wxwe the case it 
would have passed out at the anus, which has been at the other end of the 
cell all the time. When the cell is complete, it measures about 10 mm, in 
length and about 2 or 3 mm. in width and contains the larva bent upon 
itself, ready for hibernation (PI. XXXVIII, fig. 6). 

The work of the larval life is w^ell illustrated in Plate XXXIX, figure 4, 
which is a reproduction of a photograph of a limb in which the entire 
burrow is traced, from the shells of the eggs in a crevice of the bark to the 
lar\:^a in its pupal cell. The burrow was carefully marked with india ink, 
so that the black lines represent the exact width of the burrow in every 
case, and at the places v/here the larva entered the wood to molt the holes 
have been marked about with w^hite ink for the sake of contrast. The 
laiwa in this case burrowed into the wood for a short distance at first, 
then returned to the cambium layer, where it burrowed about until it 
reentered the wwd to molt. From the point where the larva entered 
the bark to the place it emerged from the wood after the first molt the 
burrow measures 69 mm. in length and 270/i in width. 

■; It will be noticed that in each succeeding instar the burrow is much 
wider and longer, so that in the second instar the length is 103 tnni. and 
■the width is 900/i; in the thix'd instar it is 210 111111. long and 1.21 to 1.56 
mm. in, width; and in the fourth and last instar the length is^456 iimi. 
and the' width is 1.96 to 2.15 mm.' , The total length of this particular bur- 
row is 835 mm., or nearly 3 feet. Since the burrows made during the 
early instars ate so small that they are hard to find, it seems likely that 
Chittenden's statement ^ that the complete burrow’' is only 6 to 10 inches 
in, length ' was-based, on observations made on burrows which represented 
the last iiistar. Fven these could hardly have been complete, for burrows of 
this instar nearly aieet long have beenfound. His statement' that they are 
for the most part transverse' to the, grain of the w’'Ood inakesit seem even 
more, evident that those' of the lastinstar::were:'d'escribed,,,for,-aS''Plate 

ICliittenden, F.'H., ■' noc. 'dt; 
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XXXIX, figure 3, shows, the transverse direction is the tisnal one in the 
last instar ,, especially when the bark is thick, while dining the earlier 
instars the burrows run in a more oblique direction. 

No evidence can be offered as to the duration of instars. Larv^ which 
were in the first stage were found from July 21 to August 13, mature 
larvae A¥ere found in their pupal cells as early as August 7, while' the 
interniediate stages were found throughout this period. 

It was found that the larv^ in the last instar burrow from 2 or 3 to 
23 mm. in 24 hours. Larvae of the second instar burrow as far as 6 inni. 
in the same length of time. Upon consideration of these records it is 
not surprising that trees infested with Agrilus hilineatus appear to die 
suddenly when laiwae are to be found as numerous as shown by the 
burrows in Plate XXXIX, figure 3, where each one may consume cam- 
bium tissue equal to nearly twice its own bulk every 24 hours. In the 
section shown there were nine larvae in approximately i square foot of 
bark, each burrowing across the cambium layer. It was also found that 
when the larvae are so numerous that they confront each other, one or 
the other is eaten through as if it were merely cambium tissue. This 
may become an important economic factor, for cases have been observed 
in bark which was crowded with grubs where a number of dead larvae 
were found with burrows passing through their abdomens or even their 
heads. 

The slowest burrowing was found to be -in the dry wood, where the 
tissue was evidently the toughest and of the least nutritive value. Trees 
with growing tissue offer the best opportunity for making extended 
burrows ivith great nutritive value to the larvae and to the detriment of 
the tree. On the other hand, as soon as the tree dies from being girdled, 
the tissue becomes dry and offers more resistance to the burrowing and 
is of little nutritive value to the larvae, which may die. A tree which 
was grubbed up on July 30, at which time it had just died, was examined 
on August 13. The dried bark, especially on the side exposed to the sun, 
contained shriveled larvae, over 50 per cent of which were dead. Similar 
conditions were found in other trees that had died early in the season, 
when the dryness seemed to affect the larvae more than later when they 
are in the pupal cells. This may also explain the condition described by 
Chittenden, who stated that burrows w^'ere found in trees, but no larvse 
were' present^' 

In summarizing the work of the larvae of the two-lined chestnut borer 
it is also of economic interest to note the wide distribution of tlie bur- 
rows on the tree, from the small branches less than an inch in diameter 
and between 40 and 50 feet from the ground down even to the roots, 
where in one ease a laiwa was found constructing a pupa! cell ii inches 
below the surface of the ground. 

» Chittenden, F. H. Loc. cjt. 
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THE PUPA 

The pupal stage of the life history has been studied for tlie most part 
in the laboratory. During the winter the larvae were coliected in their 
pupal cells and placed in wash bottles, which were then covered with clieese- 
cloth. The larvjae were found to contract and straighten out in such a 
way as to face the end of the cell wdiich is next to the bark. When con- 
tracted ready for casting the larval skin, the larvae measured from 6 to 
lo mm., instead of i8 to 24 mm., and were greatly swollen, with constric- 
tions marking the posterior limits of the head, protliorax, and the loca- 
tion of the appendages. Two or three days before the larval skin was 
cast the posterior segments were collapsed and empty. When the pupa 
was ready, it began a series of wavelike dorsoventral bendings, which 
caused the skin to break on the dorsal side of the head and prothorax a 
little to one side of the middle. As these movements coiitiiiiied the skin 
was slipped gradually backward, collapsing as it left the posterior end 
of the body, until it was entirely off, when the pupa came to rest (PI. 
XXXVIII, fig. 7). The mouth parts passed to the ventral side and 
seemed to act as a lever against the side of the cell in pushing the skin 
backward. 

The pupal stage lasted about 10 days, during the latter part of which 
pigmentation began with the eyes, then the mouth parts, head, and 
thorax. The pupal skin was shed in much the same way as the larval 
skin, and the adult folded the wings, remaining inactive until the elytra 
were entirely pigmented. At first the movements of the adults were 
slow and uncorrelated as contrasted with the great activity later on. 
The beetle burrowed through the bark as soon as it acquired its full 
activity and escaped through a characteristic opening (PI. XXXIX, 
fig. 2). The openings are always found on the ridges of bark and resemble 
.the shape of the hole made by the larva when it first entered tlie bark. 

Larvae which had not yet pupated were collected as late^ as June 17, 
W’^hen -adults ■ were found making their way out from the pupal cells. 
From this it seems that the insect in this state normally pupates during 
the Tatter .part of May and, emerges from the cell about the middle, of 
Time. 

PARASITIC enemib:s 

■ Two parasites were incidentally noticed. One, which was reared from 
-the larvse, was , identified by Mr. S. A. Rohwer as a species of the genus 
Atanycolus, while another, unfortunately mutilated, which was^ reared 
from an egg, was placed by Mr. ,J. C. Crawford in the family Triclio- 
grammidae.' 

CONTROL OF THE OAK BORER 

The method' of control heretofore recommended" has been the cutting,, 
and burning of' infested trees hefore'.the-, , emergence mf the' adultsTn'., the. 
spring. This is an' effective: method , and; needs' emphasizing, for' people, 
are tempted to leave , all the' trees, which .show any 'signs of,' life,, with^ the 
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hope that they will recover the next spring. These are the most'danger- 
oits trees, for, as has has been pointed out, the trees with sap are more 
favorable to the insects than the dry ones in which the larvae are liable to 
dry tip or starve. 

The need of other methods, however, seemed imperative. During, the 
past season the trunks and large limbs of some trees were sprayed with 
an iron- sulphate and lime-sulphur mixture, while others 'were sprayed 
with a Bordeaux mixture. This was done as a 'preventive measure 
during the egg-laying season and it seemed successful, as no beetles 
were seen on the trees which had been sprayed, even though the trees 
had been covered with beetles the day previous to this treatment. . In 
contrast to this beetles were seen in great numbers throughout the 
season on the unspra3^eci trees near by. 

Other experiments which are under way can not be reported until at 
least another seasoxi has passed, and greater opportunity has been offered 
to try out proposed methods of prevention and control 



.PLATE. XXXVIII . 

.; Big. \ Eggs in position in the bark of ati' oak tree, }{ natural 

.size,' 

Mg, ' 2 . ---Agrikts biUncaius: Chister 'oi newly laid ^ggs. X6.'^ 

' Fig. Eggs' shortly before Xb,. 

■ 'Fig.. Newly hatched larva.' X6. ' ■ ' . 

Fig. 5 .~--’A( 7 nk^ Alatnre larva. X6« 

■: Fig, ,6-— bilineaius: I^arva in its. cell. Section made perpendicular to tlie 
surface'of the bark. ^ . A.,. Point ;at which, adult will emerge; B, 'burrow stopped with 
frass-. ' 'X.6.,,' 

Fig.. j.—Agrihs hilineaku: Pupa 'in cell, ■. -Section, made parallel to .the surface of 

die bark'.; ■;,'''X6*" 

'.Fig. S.—Agrilus bilinmius: Adult female. Xd. ■ 
g,'-^Agnlus hilifieatus: Adult mate. Xd. . 

: Drawings by Helen ' A Sanborn . 
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Fig. I. — Leaf silo wing work of four Agrilus beetles in 24 hours. 

Fig. 2 —Hole in bark made by adult Agrilus in emerging from pupal cell. 

Fig. 3.- — Larvai of A to to and their burrows. 

Fig. 4.“—Complete burrow of a larva of Agrilus hilineaius. A , Point at which larva 
hatched; B, beginning of second instar; C, beginning of third instari D, beginning of 
fourth . instar: E. pupal cell. ' 




EFFECT OF DILUTION UPON THE INFECTIVITY OF 
THE VIRUS OF THE MOSAIC DISEASE OF TOBACCO 

By H. A, Aleard> 

Assistant Physiologist, Tobacco and Plant-Nutrition I mestigaiions, 

Bureau of Pla^it Industry? 

In order to obtain some idea concerning the effect of dilution upon the 
infective power of the virus of the mosaic disease of tobacco in subsequent 
inoculations, the following experiments were -made. A quantity of 
expressed sap from mosaic-diseased leaves was first passed through filter 
paper to remove the cell tissue, etc. . Clean tap water was then used to 
bring the filtered virus to the required degree of dilution. All dilutions 
were accurately determined and inoculations immediately made froTn 
these. Young, vigorous plants growing in 3-inch pots in the greenhouse 
were used in all tests. In order to insure a thorough test of the infectivity 
of the diluted virus, a drop of the solution carried on the point of the 
needle was introduced with each puncture. Every leaf of any size on 
the plants, usually four or five, was inoculated in this manner at several 
points. 

The plants were kept under observation for a long period after the 
first appearance of the disease in those groups treated with the original 
undiluted virus and the lower dilutions. This is virtually a quarantine 
period for the disease, since experience has shown that the incubation 
period of the mosaic disease is very uniform for simultaneous inoculations 
under any given set of conditions. A complete tabulation of all dilution 
experiments is given in Table I. 


Table I . — Effect of dilution upon the infectivity of the virus of the mosaic disease of 

tobacco 


Bate of in-' 
oculation.a 

'Number 
of plants. 

Variety. 

Degree of dilution. 

1 ■ Effect. ' ' ' , 

, 1913.' 




1 , ■ ' ' , ' 

May '6,,. ' 

' 10 

Connecticut Broadleaf . .... 

Original undiluted virus . . 

1 6 mosaic on June i. 

.'Do...... 

10 


1 I part virus to loo of water. 

1 7 mosaic on June i. 

'Do...... 

xo 


I part virus to i,ooo of 

1 water. 

! , ' Do. ' 

Do...... 

10 

.....do...., 

I part virus to 10,000 of 
water. 

4 mosaic on June I. 

Do.' 

10 


I part virus to 1,000,000 of 
water. 

All .healthy on June 'x.,' 

Do 

xo 


Tap water alone 

,, Do. ' ', 

May 9 

20 


Original undiluted virus . . 

; ' 13 mosaic on .May 36. 

Do 

, , 20 


I part vims to 1,000 of 
water. 

lO' mosaic on May 26. ' . , 

Do...,...' 

30 

. ... do 

X part virus to x, 000,000 of 
water. 

1 I mosaic on May ,26.' ' 

.,Do,..'... 

10 


Tap water alone. ... 

1 Al! healthy on May 26. : , 


« All dilutions were prepared on the same day the inoculations were made. 
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TabIvEJ 1,— Effect of dihiiion upon the infectivity of the mms of the mosaic disease of 

to b acco — Contimied 


Date of in- 
oculation. 

Number 
of plants. 

Variety, 

1913. 

May 29. 

20 

Comieetieut Broadleaf 

Dn . . . 

19 . 

do 

Tlo ' . 


Tin 


.do 

June 12. . . . 

15 


do 

Bo 


Bo 


do . 

Bo 

30 

do 

Bn 

do 

Jun,e 21..,.. 

30 

(20 Cuban 

\io Connecticut Broadleaf. . , 

Do...... 

30 

/ 15 Cuban ’ 

\iS Connecticut Broadleaf . . . 

Do 

33 , 

/ 18 Cuban 

\x5 Connecticut Broadleaf . , 

Do 

20 

fio Cuban 

\xo Connecticut Broadleaf. . 



Cuban 

Do 


.... .do 

Do ' 

17 

21 

do 

Do...... 

do.... 

Do 

10 

do 

Do...... 

75 

.....do 

' 19 ^ 4 -' ' 


April 2 

' 10 

Connecticut Broadleaf 

Do 

10 

do 

Do 

to 

do 

Do 

10 

do 1 

Do 

20 

do 

Bo 

10 

N i col i an a riisti ca 

Do 

10 

do 

Do 

10 

do 

', Aprils 

10 

Connecticut Broadleaf. . . . . 

Do 

10 

do 

'Do...... 

10 

. , , . .do. 

Do 

20 

. ....do..... 

Do....... 

JO 

Nicotiaiia rustica 

Do ' 

JO 

do 

Do 

1,0 

do 

Do...... 

10 

do 

April 9-:..'.. 

' 10 

Connecticut Broadleaf. .... 

Do 

10 

do 

,Do..'. ... 

10 

do.... 

' Do...... 

, 10 

do,. . . .. 

Do...... 

, lO' 

do...... 

Do...... 

, '■ '10 

.....do 

Do. 

. ' , ''10 

... ..do .. ... 

' Do...... 

, ' ' ' , lO 


Do...... 

' 10 

. . . .'-do.....'.. ■ 




Degree of tlilutioii. 


Original undiluted virus , . 

I part virus to i.eoo of 
water. 

1 part virus to 1,000,000 of 
•water. 

Tap water alone 

Original undiluted virus . . 

I part vims to 1,000 of 
water. ^ 

I part virus to 10,000 of 
water. 

I part virus to 1,000,000 of 
•water. 

Tap water only 


j-Original undiluted virus, . , 

_i part virus to i.ooo of 
water. 

K X part virus to 10,000 of 
I water. 

j j^Tap water only . 


Original undiluted virus. . , 

I part virus to 1,000 of 
•water. 

1 part virus to 10.000 of 
water. 

I part virus to 100,000 of 
water. 

Tap water only 

Not inoculated. 


liffect. 


Original undiluted virus. . , 
I part virus to i.ooo of 
water. 

I part virus to 10,000 of 
water 

I part virus to 100,000 of 
water, 

I part virus to x, 000, 000 of 
water. 

Original undiluted virits. . . 
I part virus to 1,000 of 
water. 

Tap water alone 

Original undiluted virus. . . 
1 part virus to 1,000 of 
water. 

1 part virus to 1,000,000 of 
water. 

Tap water alone.. 

Original undiluted virus. . . 
1 part virus to r.ooo of 
water. 

do 

Tap water alone 

Original undiluted virus. . . 
1 part virus to x.ooo of 
water. 

t part virus to 5,000 of 
water. 

I part virus to 10,000 of 
water. 

X part •virus to 20,000 of 
water. 

X part virus to 50,000 of 
, water.' 

X part vims to 100,000 of 
water. 

I part virus to 200,000 of 
.water, '■ 

■'X part virus to. 500,000 of 
■ water. ■ ■ 


IX mosaic on Juno 
17 mosaic on June 5. 

All healthy on June 5. 

Do. 

11 mosaic on June i,H, 

8 mosaic 011 June 18. 

7 mosaic cm June 18. 

1 mosaic on June iS. 

AU healthy on Jiitie 18. 
’26 mosaic on July 6 (18 
Cuban, 8 Connecticut 
Broadleaf). 

20 mosaic on July ,6 (it 
Cuban, <> Connecticut 
Broadleaf). 

12 mosaic on July 6 (4 
Ctilian, a Connectiait 

. Broadleaf). 

All healthy on July 6, 

12 mosidc ou July 6, 

19 mosaic on j uly 6. 

10 mosaic on July 6. 

2 mosaic ou July 6, 

AU healthy ori July 6. 
Do. 


6 mosaic on April 17. 

2 mo.saic on April 17. 

X mosaic ou April 17. 
Do. 

All healthy ou April 17. 

4 mosaic on April 17. 

Do- 

All healthy. 

3 mosaic on Ai>ril 1 7. 

5 mosaic on April x-/. 

All hcaltlty on A,i:>ril 17. 
Do. 

8 mosaic on April 17, 

7 imsiiic on Api’il 17, 

2 mosaic on Ai>ri'l 17. 

All healthy, oil April, 17, 

9 mosaic on April 25, , , 

7 mosaic on April 25, 

2 mosaic on April 25. 

Do. 

All healthy on April 25. 
X mosaic on April 25. 

All healtliy on April 25. 

' 
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Table 1. —-Effect of diluiion upon the infcctivity of the virus' of the mosaic diwase qf 

tobacco — Conliikted 


Date of in- 
ociiktion. 


I<B4' 
April 9 . 

' Do. . 
Do.. 
Do., 
Do.. 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 

Do. . 


Number 
of plants. 


Variety - 


Connecticut Broadleaf , 
, . .do.. 


.do., 


Maryland ]Man;iinoth . 
do 


.do., 


.do, , 
.do., 
• do., 


.do. , 
.do. , 
,do. , 


Degree of dilution. 


I part virus to x, 000, 000 of 
water. 

Tap w-ater alone, 

Not inoculated 

Original undiluted virus, . . 

I part virus to i.ooo of 
water. 

I part virus to 5,000 of 
water. 

I part virus to xo.ooo of 
water, 

I part virus to ao.ooo of 
water. 

I part virus to 50,000 of 
water. 

I part viiits to 100,000 of 
water. 

I part virus to 000,000 of 
water. 

I part virus to 500,000 of 
water. 

I part virus to t, 000,000 of 
water. 


KITcct. 


Alt healtliy on April as, 

Do. 

Do. 

9 mosaic on,, April as* 

6 mosaic on April 35. 

5 mosaic on April 25, 

a mosaic on A{>ril 25 . 

All iiealtliy on April 25, 

Do. 

1 ) 0 . 

Do, 

Do, 

Do, 


These tests show beyond question that the virus of the mosaic disease 
when diluted to i part in i ,000 of water is quite as effective in producing 
infection as the original undiluted virus. A dilution of i part in 10,000, 
however, gives evidence af attenuation. At greater dilutions than this 
the chances of infection are very greatly reduced. In dilution experi- 
ments of this sort, where increasing attenuation of the virus is taking place, 
it is obvious that no sharp line of demarkation can be found beyond 
which chances of infection do not exist. Since the solutions are punc- 
tured into the leaves with a sharp needle, the quantity of virus taken up 
and actually introduced into the plant tissues must be exceedingly small, 
especially forthe higher dilutions. It is of interest to consider this fact in 
connection with the enzymic theory of- the mosaic disease, which has bee,n 
advanced to explain tlie nature of tlie' disease. This theory assumes' that' 
the- mosaic disease develops - -when -certain oxidizing enzyms, normally 
-present in the" plant increase in amount or in activity" as a result of .various 
external conditions affecting nutrition and; growth. , 

It iS' somewhat difficult to reconcile this theory with the fact that a tiny -' 
drop of virus diluted to ,i part in io,ooO'Can readily, produce, the, mosaic 
disease. It must be, assumed' that the, immeasurably small quantity ' of ■ 
oxidizing, enzyms carried by this d.rop is sufficient to increase the normal 
oxidase content already present in the plant to the, extent of , a permanent ,: 
pathological reaction resulting in the mosaic disease. This is highly im- 
probable, since it is well known that the oxidase content of healthy indi- 
viduals normally varies to -a" measurable.-degreeitr response to various en-L 
vkonmental changes.. • 

69783^—15 2 
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There seems to be no logical reason for considering that something ex- 
ists in the constitution of all normal tobacco plants which is always 
capable, of producing the mosaic disease in response to suitable condi- 
tions. Tliis conception does not harmonize with the fact that even when 
the virus of the mosaic disease is highly diluted and the infective sub- 
stance becomes immeasurably small it is still capable of initiating the 
disease when introduced into healthy plants. All evidence at hand points 
to something in the virus quite extraneous to the protoplas,mic constitu- 
tion of healthy plants. Once introduced into the tissues of such plants, 
this foreign substance rapidly increases in quantity and becomes actively 
prejudicial to those physiological actirdties associated with normal nutn~ 
tion and growth, 

, In the opinion of Woods and Heintzel this substance constituting the 
active, pathogenic principle of the virus of the mosiac disease may be re 
garded as purely chemical, nonliving, enzymic, and a normal constituent 
of all healthy tobacco plants. According to Hunger, on the other hand, 
the disease is caused by a toxic ferment not normally present in the cells 
of healthy plants, but which develops in response to unfavorable condi- 
tions of nutrition and growth. These theories are in complete agreement 
in ascribing to the mosaic disease a spontaneous origin withfn susceptible 
plants under favorable conditions. The development of this conception 
is quite natural if a spontaneous origin is accepted, since this does not 
admit of a consistent explanation on the basis of parasitism. At the time 
these theories were evolved, little was known concerning organisms which 
are smaller than the visible bacteria and yet responsible for parasitic dis- 
eases. It was known that the visible bacteria could not pass through the 
pores of certain filters. It was also discovered that passing the virus of 
certain diseases through these filters did not necessarily deprive it of its 
power to infect, although visible parasites were no longer present. At 
this time this characteristic seemed to remove those diseases connected 
' with a filterable virus from that class of diseases definitely established as 
bacterial in their origin. Until additional facts had been secured^ an 
. enzymic origin was perhaps the most plausible explanation for those 
; obscure diseases connected with a filterable virus and supposedly capable 
of a spontaneous origin within certain piaiits. 

v' ' The writer's experiments, however, indicate that the mosaic, disease 
can not be induced to arise spontaneously in healthy plants by the opera- 
tions, of cutting back, repotting, or otherwise subjecting the plants to un- 
favorable conditions. 

SUMMARY 

The virus of the mosaic disease when diluted to i part in 1,000 of water 
is quite as effective in producing infection as' the original undiluted virus. 
Attenuation' of the viruses ' indicated in dilutions of i part, in ' 10,000. of 
water. ' At , greater dilutions' infection.' is not' likely , to, occur. .' . " ' 
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The virus of the mosaic disease is highly infectious to all susceptible, 
healthy plants. Such plants remain free from this disease so long as. all 
chances' of accidental infection are excluded. All evidence at hand in- 
dicates that something is present in the virus of the mosaic disease which 
is extraneous to the protoplasmic organization of healthy plants. This 
substance, greatly increases in quantity when introduced into susceptible 
plants and interferes with normal nutrition and growth. 

Although enzymic acthdties have been considered responsible for the 
mosaic disease of tobacco, parasitism, in the writer's opinion, offers by far 
the simplest and most reasonable explanation of its origin. It may at 
least be said that the theory of a parasitic origin for the disease more con- 
sistently accounts for all the facts at hand than any enzymic conception 
yet evolved. It seems not only needless but illogical to abandon a simple, 
direct explanation for one which leads to complexity of thought and yet 
fails to correlate all the facts at hand. 




MOLDINESS IN BUTTER 

By Charles Thom, Mycologist, and, R. H. Seaw, Chemist, Dairy Division, 
Bureau of Animal Industry 

INTRODUCTION 

References to mold in butter are not uncommon in dairy literature,, 
but specific information is lacking as to what forms of mold occur on 
butter, the conditions which permit mold development, and the actual 
changes produced in the butter. As met in the market, losses from 
mold take two forms: (i) The growth of mold upon the tub, lining, 
or wrapper injures the appearance and salability of the package with- 
out seriously affecting the quality of its contents. ( 2 ) Mold develop- 
ment upon the butter itself when continued for a considerable period 
produces changes which can not be eliminated even by the renovation 
process. Such butter becomes an actual loss. The work reported here 
aims to cover the biological phases of this problem. The study of the 
chemical changes produced in the butter will be reported later. 

ORIGIN OF BUTTER SAMPLES 

Characteristic samples representing the range of conditions and 
appearances found in commercial butter were obtained through the 
inspection service of the Dairy Division. These were examined in the 
mycological laboratory. The number and variety of mold colonies 
upon each sample were noted and cultures were made to obtain the 
species represented. The samples were then taken to the chemical 
laboratory for analysis. Consideration of the known factors influenc- 
ing mold growth called for the determination of the quantities of water 
and protein available, together with the percentage of salt as a possible 
limiting factor. 

In Table I are given the analyses of samples of moldy butter from 
several sources. 


Table I . — A nalyses of samples of moldy butter 


,Sami>le Xo. 

"Water. 

Salt. 

Curd,« 

Sample No. 

. . 

W'ater. 

Salt. ' 

Curd.U' 


Per cetii. 

Per cent. 

Per cent. 


Per cent. 

Per cent. 

Per cent. 

3515 

II. 65 

I. 98 

I. 48 

3S54S.. 

7 - 38 

' 0. 63^" 

, o-"57 

3S2Q"- 

12 . CO 

.65 

I' 53 

3 S 46 a 

: 16. 02 

3 - 05 

■■ .68 

3530 

9 ’ 40 

2 . IQ 

.64 

3546b........ 

18. od. 

I. 40 

.•',,75 

3554 g 

1 1. 09 

2. 66 

.66 

3 S 46 c 

16. 02 

3 - ,,50 

■ ',.62 


II. 72 

. 

2. 13 

• 64 






« The term curd. 'Las used' in this paper, means the amount of nitrogen, multiplied by the, factor 6.38., 
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Samples Nos, 3546a, 3546b, and 3546c were taken from a tub of 
butter containing three small churnings. The tub had been kept in a 
refrigerator for three or four months and was very rancid. Since the 
butter was designed for packing stock to be used in experimental work: 
on renovated butter, no particular care was taken in its maiiiifacture. 
it happened that the top layer (3546a) and bottom layer (3546c) were, 
heavily salted, while the middle layer (3546b) contained but a small 
percentage of salt and a considerably higher percentage of w’^ater. The 
top and bottom layers were free from mold; the middle layer showed 
areas typically representing each of the types' of moldiness described in 
the following pages. 

TYPBkS OF MOLD FOUND IN SAMPLES 

From the study of these and other available samples of moldy butter 
three well-marked types of mold effects are distinguished : 

I. Smudged, or Allernaria, type. — In samples Nos. 3515, 3546b, 
and 3554s, dark, smoky, or rarely greenish colors occurred in patches 
which suggested soot or dirty-finger marks. Microscopic examination 
showed mold mycelium with dark-brown or green walls on' or under 
the surface. Frequently these colonies are entirely submerged in the 
butter. Sometimes hyplise were observed 4 to 5 mm. below the ' surface. 
Spores were rarely found, but colonies transferred to culture media 
■ grew freely and' fruited normally. The dark-brown or black hyphse 
were the most common and proved to be species of Altemaria. Where 
a greenish color was seen species of Cladosporium developed. These 
submerged areas suggest the appearances noted by Patterson (1900)/ 
and attributed to Stemphylium huiyri Patterson. The occurrence of 
Cladosporium in butter has been studied by Jensen (1900) and the 
organism found was named by him ''Cladosporium butyriJ^ The 
species of Cladosporium, however, are abundant upon all kinds of 
roughage fed to cows, and the spores find ent:raiice to the milk from 
the handling of such feed by the milkers. One of the writers had access 
to cultures made from many samples of cream by the bacteriologists 
of the 'Storrs Agricultural Experiment Station ' 'some years ago. In 
■these cultures colonies of Cladosporium. were so abundant as to indicate 
that spores of these species remain with the cream after separation. 
Species' of Altemaria are very common in the same , circumstances and 
appeared' in these ■ cultures, but less abundantly. Their appearance' as 
colonies in the butter,' therefore, is due to the ability of these species 
to grow in the very" severe conditions imposed"' by a mass, of butter. 
One 'of the writers has found a species of Altemaria growing and fruit- 
ing in a "box of shoe paste. ' Species -of this group, have also 'been iso- 
'lated.fro'm various forms of "fat when, small inclusions, of water occur.,' 
Few, other gfaminicolous fungi,' seem ',able, to,' produce colonies' tuid'er 
these conditions," though. sporeS: of many kinds are midoubted'ly, present* 


Bibliograplik citations ia pg(3featheses refer tO',*%'itterat'are dterl/’.p, 31,0. 
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In at least one sample, contributed by Dr. G. P. Clinton, of the Con- 
necticut Agricultural Experiment Station, and again in a sample of fat 
.studied by Dr. C. N: McBryde, of the Bureau of , Animal Industr}^, a 
fungus producing abundant orange to red mycelium and red blotches 
upon the butter was obtained. In butter and in the culture media 
used no spores have thus far been obtained. This organism grows under 
the same conditions as Alt ernaria. 

2. GrEi^n-moIvD Type. —G reen molds were found more or less frequently 
upon all the samples tabulated except Nos. 3546a and 3546c. Cultures 
of these molds proved to be species of Penicillium. Three common 
species were often found. These were P. roqueforti, a variety or strain 
of P. expansum, and P, chrysogemim. Several other forms difficult to 
identify were occasionally obtained. Aside from P. roqueforti, these are 
identifiable only by careful culture and comparison. These molds form 
green patches on the surface and follow seams or cracks into the mass. 
In one tub (No. 3515), where extensive moldy areas were found in cracks 
and s^ms, the presence of P. roqueforii was suggested by a strong odor 
and flavor resembling that of Roquefort cheese. Marked physical 
changes in the fat itself were noticeable. Culture confirmed the identi- 
fication of the organism. So far as observed, no such extensive changes 
were produced by the other species. The storage of butter in tubs is 
accompanied by low percentages of free oxygen^ in the butter sug- 
gestive of the conditions in Roquefort cheese (Thom and Currie, 1913). 
Mold is found upon the liners, upon the inside of the tub itself, and in 
the cracks of the butter. In all these places interchange of gases is very 
slow, thus favoring the dominance of Roquefort mold, which is more 
tolerant of such conditions than other species. 

3, Gidium type. — ^T he third form produces various shades of orange- 
yellow discoloration, with little or no surface growth. Culture and 
microscopic examination show that these areas are produced by Oidium. 
lactis, Tiiis organism grows to the depth of several millimeters within 
the mass of butter as a complex mycelium with hyph^ varying in diam- 
eter with the size of the spaces between the masses of fat. Some spores 
are formed and at times surface-fruiting areas. Bacterial activity is 
commonly associated with the presence of this mold. 

Beack MOEDS, OR MUCORS. — Where butter has been moist enough for 
loose masses of surface mycelium to grow, mucors are sometimes seen. 
These molds are found by culture to be present in many other samples 
in which no visible colonies are produced. 

EXPERIMENTAL WORK 

To study the conditions favorable to mold growth in .butter .special 
samples; of 'butter were' prepared/some.Iow, in water.oQntent' and some 
high in' water content, some thoroughly washed' to; :reduce';the':'.curd;''.;w 

. , ' ^ Uttjpiiblislied results o£ Ur. J>. C. I>ya:,.of 'tEe nairy..DivisKui,' 



304 


Journal of Agricultural Research 


VoL in, No. 4 


tent and some with casein added to raise the protein content. One ounce 
of salt to I. pound of butter was used in some samples; no salt in others. 
Slices of butter of each kind were put into Petri dishes and inoculated 
with a series of molds obtained from butter. Among these were Oidinm 
lactis, Mucof sp., AUernmia sp., and several species of Peiiicillium. The 
dishes were then allowed to stand in an incubator at the temperature 
and relative humidity of the laboratory for several days. Absolutely, 
no surface growth of mold was obtained. Part of these Petri dishes 
were then placed in moist chambers and it was found that mold colonies 
developed upon every sample so placed. These growths included not 
only the species inoculated into the butter but other forms whose spores 
were present in the butter as made. At the low relative humidities pre- 
vailing ill the laboratories of the Dairy Division from , February to x\pril^ 
1914^ no mold colonies were able to develop in butter representing a 
range in water content greater than the usual range of, percentage in 
market butter. 

The addition of 2 to 3 per cent of water to butter containing but 14 or 
15 per cent does not make the quantity of w^ater present sufficient to 
support mold growth aside from conditions of high humidity. 

RELATION OF HUMIDITY TO MOLD GROWTH 

In moist-chamber culture comparison between samples containing 
normal and low protein with samples containing excess or added pro- 
tein showed that mold growth was more rapid and extensive when pro- 
tein was added. The failure of molds to grow in these same cultures 
under the ordinary humidity conditions of the laboratory proved that 
the essential factor in molding was not protein, but water. 

To define these, humidity relations more closely, three desiccato,rs 
were: prepared in wdiich definite relative humidities could be maintained. 

. For this purpose the bases of the desiccators were filled with sulphuric 
. acid standardized to the specific gravities — from Hastings's (1909) table- 
required to maintain,, ' respectively, 90 per cent,. 79.6 per cent, and 69.6 
per 'cent relative humidity. Three samples were used: One sample of 
'butter was made , with , low-salt content (0.55 per cent); one at ■ norma! 
salting (2.43 per cent); and one sample of butter fat, free from water, with 
skim,-niilk,; p,owder added. ' 

The composition of these three samples is given in Table IL 


TabwJ 11 . —Composition of samples of butter -used in 7no Id-growth tests 


Character of sample. 

Water,' 

Salt. , 

,'Ciirc.L' 

Normal-salt butter '. .. . .. . . ... 

Low-sait butter. ,. , ,; ' 

. A - .. 

Per cent. 

Per ''C€n4,_ 

' ' 0. 62. 

, " ", , 62 

Butter fat 4 * dry skim m,jlk. ,. . 

|, , , - J,, w 

None,. 

'."None.,; 

i ' 
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Three slices^ one from each of these samples, were put into each one 
of a series of 24 Petri dishes. The three slices in each dish were, thus 
under absolutely the same conditions. Six species of mold were .then' 
selected and were heavily inoculated into the plated slices— each 'slice 
in four Petri, dishes being inoculated with one species of mold.' Pour 
sets, of six dishes each, were thus .available. One set of six Petri dishes 
was put into a moist chamber (approximately 100 per cent of relative 
humidity), and one each into the desiccators at 90, 79.6, and 69.6 per 
cent relative humidity. The cultural results are given in Table III. 


Tabli^ III . — Effects of salt and humidity on mold growth in butter 


Mold. , 

Growth in moist 

Growth under r 

elative humidities of— 

chamber. 

90.6 per cent. 

79.6 per cent. 

69.6 per cent. 

Salted 

butter. But- 

ter 

Salted 

• butter. But- 

ter 

1 

Salted 

buttch. But- 
ter 

Salted 

butter. But- 
■ ' ter 


0.5s 

per 

cent. 

fat 

2.43 and 
per curd, 
cent. 

fat 

O.S5 2.43 and 
per per curd, 
cent. cent. 

0-55 

per 

cent. 

1 fat 
2.43 1 and 
per 1 curd, 
cent. 

. 

0.5s 

per 

cent. 

fat 

2.43 and 
per curd, 
cent. 

Alternaria sp 

0. 9 

0 0 

0. 3 0 0 

0. 6 

0 0 

0 

0 0 

Jilucor sp 

(?) 

0 0 

006 

0 

0 0 

0 

0 0 

Oidium sp 

^0.6 

0 

• SO 0 

• 5 

0 0 

• 3 

0 0 

Penicilliuiii roqueforti 

•S 

0 0 

• S .2 0 

o(?) 

0 0 

o(?} 

0 0 

PenidlJimn chrysogenum . . 

•S 

.r .8 

.4 .2 .3 

•3 

0 . ,2 

• 3 

0 0 

Peniciilium expansimi 

• s 

• i(?) 0 

.3 0 0 

• 3 

0 jo 

0 

' 0 , 0 


« A typical colony would be designated as i.o; lesser growtlis by decimal fractions. 
& Submerged. 


Examination of this table shows that a single species, Penicillinm 
chrysogenumf^^^s shit to produce a colon}^ upon the butter fat plus the 
water obtainable from the air. Careful examination of the other samples 
showed no mold. In the low-salted butter, however, with 15.6 per cent 
of water marked growth occurs; the water in this butter is therefore to be 
regarded as an essential factor in the molding found here. The butter 
contaiiimg 2,43 per cent of .salt shows determinable growth from but two 
species, P. roqueforti and P. chrysogenum. No gro'wth of species of Alter- 
iiaria, Oidium, or Mitcor was found upon this butter. The low-salted 
butter show's very appreciable mold colonies of all species except the 
Mucor. Growth was greatest in the moist chamber. Nearly as good 
growth was obtained, how^ever, with a relative humidity of 90.6 per cent, 
and considerable growth in four of the species with 79.6 per cent. In the 
presence of 69.6 per cent there w^as very little visible mold, even in the 
low-salted sample. The individual samples of low-salted butter all 
showed the characteristic orange-yellow colors due to the development 
of spores oiOidmm lactis, which were evidently present from the first in 
all slices. In this experiment the organism grew only in its submerged 
form; hence, it W’'as little affected by the relative humidity to which the 
other species responded so clearly; A.lternaria and Oidium developed 
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only in the low-salted samples. Alternaria appeared in several places 
without inoculation. Rhizopus nigricans was found once in a moist" 
chamber sample. Aspergillus fumigaius and A. niger both appeared 
ill one or more cases, but none of these species appeared where the per- 
centage of salt was 2.43. 

The same fact is illustrated on a larger scale by the tub of butter 
analyzed as No. 3546 in Table I. Of the three samples packed together 
in one tub the middle la^^er was low-salted and typically moldy, while 
the top and bottom layers were free from mold. 

These results harmonize fully with the data from the analysis of butter 
as found in Table I and with the preliminary cultural data as given in 
subsequent experiments. Two of the three types of moldiness, the 
smudged and the orange"3^ellow forms, occur only in butter containing 
less than 2 per cent of salt. Even with green, molds under high humi- 
dities and at temperatures far above those used in storage, growth in 
these experiments was negligible in butter with a salt content of 2.43 
percent. 

THE SAW FACtOR IN MOUD GROWTH 

The salt factor in butter is calculated as follows: Thompson, Shaw, 
and Norton (1912), in analyzing 695 samples of American creamery but- 
ter, found an average water content of 13.9 per cent; salt content, 2.51 
per cent; and curd content, 1.18 per cent. This amount of salt in solu- 
tion in the water present forms, therefore, approximately a 13 per cent 
brine, which represents the brine formed by adding 18 parts of salt to 
xoo parts of water. If the same water content be assumed and the 
salt content found be i per cent, the brine present is 5.1 per cent (made 
by adding 7.1 parts of salt to 100 parts of water); with a salt content of 
2 per cent, this strength would be 10.2 per cent; with 3, 15.3 per cent; 
and with 4, 20.4 per cent. For purposes of mold growth the strength 
of the brine found is one very significant factor. Another factor is repre- 
sented by the distribution of air and moisture throughout the mass of 
butter, and still a third by, the relative humidities to which the butter 
is subjected. 

To obtain more complete cultural data for comparison, a series of 
cultures was made with media containing known percentages of salt. 
For this purpose 6.5 per cent of salt was introduced into one lot of 
'.Czapek’s agar (Dox, 1910), and 14 per cent in a second lot.. The first 
represents approximately the proportion of brine in butter with 1.3 
per cent of salt, the second the brine with a content of about 2.8 per 
cent of salt. These cultures were grown in a moist chamber to eliminate 
the concentration of, the brine by drying. , The cultural results' are given 
,inTable IV. ■ 
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Tabw5 IV. — Cultural results with media containing known percentages of salt a 


Mold. 


Altemark sp. 35x5, . 

Altemaria sp. 3513 

Altemar ia sp . 3546 , . 

Ctinniugliamiella sp . . . 

Ftisaritim sp 

Mucor sp. 3513 

Mucor SX 3 . 3514D4 

Mucor sp. 3S14C1 

Mucor sp. 3532 

Oidiiim lactis 

Penicillium sp. 3S29a. . 
Penicillium roqueforti . 


Percentage of salt. 

Mold. 

Percentage of salt. 

6.5 

i 4.4 


'I 4‘4 

0. 7 

0. 2 

Penicillium roqueforti 



• 7 

. 2 

351SC 

I. 0 

^ I. 0 

•7 

. 2 

Penicillium expansum. 

. 9 


.6 

0 

Penicillium stolonife- 



• 4 

0 

rum, var 

I. 0 

b .7 

• 7 

0 

Penicillium chrysoge- 



.6 

0 

num 

• 9 

• 7 

.6 

0 

Penicillium purpuro- 



■ 5 

0 

genum 


0 

. I 

0 

Red mold 3536.3 

•3 

0 

I. 0 

I. 0 

Rliizopus nigricans. . . . 

• 7 

0 

■9 

.4 

Trichoderma sp 

'3 

0 


« A typical colony is designated as 1.0; lesser growth by decimal fractions. 

^ These cultures developed slowly, but finally reached the condition indicated. 


These cultural results agree with other data published recently (Thom, 
1914). Two more series of cultures were made, containing approxi- 
mately 18 and 21 per cent of salt. In these such organisms as produced 
marked growth with a salt content of 14.4 per cent were carried, together 
with other species of Penicillium and Aspergillus. PeMicilUum chryso- 
genum, P. stoloniferiim, Penicillium sp. 3529a and Aspergillus repens pro- 
duced considerable growth with 18 per cent of salt. Three other organ-v 
isms produced slight growth. With 21 per cent of salt no colonies were' 
obtained, although spores of P. ch^ysogemim. gtrmmBXedf Comparison 
with the results of butter inoculation shows that Czapekk solution 
sustained much larger growth than butter containing comparable per- 
centages of salt. To show the results of these culture series for the. 
organisms obtained from butter,, the graphic representation (fig. i) . was. 
prepared. The four series x^eported were calculated as representing 
approximately brine conditions in butter containing 1.3,.: 2.7,;' 3.4, and, 4.x 
per cent of salt. Eve, 11 under the very- favorable conditions offered, by, „ 
the cultitre media,. temperatui'C, and humidity used,' the mold, growth': 
found in the second series was small and in the third series .was,' negligible./ 

'• ' DISCUSSION ■ OF RBStITTS; "■ 

From the data already given, .mold is seen to attack, the butter .itself' 
if' tinsalte'd or very'- lightly salted.,. Normally salted butter, may be, 
affected by green mold only if held under ' conditions very . favorable' to' 
'mold growth. In general.suclilosses- are not ' great. Both , the: species ' of ',' 
Oidium with'its' orange-yellow, patches, and the smudges 'of 'Altema,'na,', 
'disappear ' promptly,;', wheii ' .even',: very"' moderate' /'salting'" 'is," .practiced. . 
'These arC' the important ,facto'rs, in: losses 'of unsalted:,':butt.er ',as studied.'by'', 
Jensen (1901 and 1908 ), Since Oidium sp. penetrates the mass of butter 



3o8 


Journal of Agricultural Research 


'VoL III, No. 4 


and produces marked discoloration, as well as bad flavors, salting, if 
practiced at all, should be heavy enough to eliminate this group of 
organisms. Green molds may damage normally salted iDiitter if cracks 
and open spaces are left by bad packing. In most cases sucli iiiold will 
be confined to liners and containers if the packing is fairly well done. 
Rogers (1906) fottiid that paraffining the tubs or boxes used |:)revent:ed 
iiiold on both container and liner. The paraffin prevented the escape of 
water whicli would leave the air spaces necessary for mold growth, tints 

o/^ <S>^jL7-‘ /a/ j3£/T71!z/=F 



Fig. I.— Graph, showing the effect of salt on molding. Cultural results with organisms obtained frcnii 
butter. Nos. 33^5^, 3i)4iW27, 39-9a> 3515-12, 3515.18, and 3541*26 were species of PcnidniunL No. 3 S'^ 4 Ci 
' was a species of IMucor and No. 3536.3 was the sterile red mold from butter. The dotted portions of the 
; graph represent hypothetical courses for organisms disa:ppeari;ng at j.)erceiitages not determined but 
limited by the next experiment. ' 

preventing' also loss of weight 'from the butter itself.' Previous papers 
have'takeii no account of the ■presence of mold spores in the butter, it'self. 
"All 'possible .'treatment' of containers , will fail iinlesS' conditions are pro- 
duced 'which'will.'prevent the, growth of , these spores. The' sa'iiie condi- 
tions whidi' stop the growth of molds present on the paper and , wood of 
the package also prevent the spores in the butter from growing. 

In all storage'.of butter' the’' temperature' factor must not be neglected. 
'Mold growth" ,is .'progressively 'reduced, by.' ’low temperature's. '.k'Work else- 
'where reported 'shows that species of .'.Renicilliitni,.:^^^^ '3f''9io,i'p.:'92'h'93, 

, 105 ) grow very slowly as the, temperature,, 'approaches' 'the/ifreeziug,'^^ 
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If, as in butter, the fluid present is a strong brine, the temperature must be 
actual!}^ carried considerably below the freezing point of water to elimi- 
nate ' danger from the growth of micro-organisins. Temperatures a few 
degrees above freezing accompanied, as they frequently are, by moist con- 
ditions are favorable to molding in butter. Uiisalted butter is more sub- 
ject to deterioration from micro-organisms than salted butter. Success- 
ful storage of such butter is therefore even more dependent upon scrupu- 
lously clean dry refrigeration at low temperatures than is the case with 
salted butter. Cellars and ice refrigeration rarely furnish conditions 
which will prevent mold growth in unsalted or low-salted butter, although 
such growth may be delayed or reduced. Butter properly made and 
salted normally, as indicated above, will not show mold under x*easonably 
careful handling.' 

SUMMARY 

(1) Mold in butter usually takes three forms: 

a. Orange-yellow areas with a submerged growth of mycelium are 
produced by Oidviim laciis. 

h. Smudged or dirty-green areas either entirely submerged on with 
some surface growth are produced by species of Alternaria and Clado- 
sporium. 

c. Green surface colonies are produced by species of Penicillium, or, 
more rarely, Aspergillus, either upon the butter, causing decomposition, 
or upon the container or wrappings, injuring the appearance of the sample 
in the market. 

(2) Species of Oidium, Alternaria, and Cladosporium can not develop 
in, butter containing 2.5 per cent of salt. The occurrence of any of these 
forms ill a sample of butter indicates low salting. 

(3) Excess of curd favors mold growth. ' Well-washed but.ter is less 
sfibject' to mold. 

(4) Leaky butter— butter fro.m which water of buttermilk. exudes and 
collects in the wrappi,ngs or in the container— furnishes the best condi- 
tions for the beginning of mold growth. ' 'From these wet areas colonies 
may spread to the butter itself. 

,(5) 'Wet surfaces, 'Wt wrappings, or ''high humidity a,re .essential to 
' mold growth in butter. Mold will not grow upon the surface of a piece' 
of butter exposed to humidities of 70 per cent or lower, The^ wat.er. in .the 
butter, is' thus not sufEciently available- to the' mold to support "the "de- 
velopment of' a colony, unless evaporation is reduced by high -humidities. 
In -closed packages, wet, or dam.p cellars, or carelessly packed masses - with 
cracks -or fissures in- .which moisture collects, ' mold • may seriouslyrinjure: 
the appe.araiice of butter packages ''or 'actually induce great ' changes-,', in' 
the butter itself. ' 3' 

, ' (6) Salt up to., 2'.5- to 3- .per 'centin butter is ■sufficient to' eliminate mold'' 
.' .or '.red.ucO. it' to '.negligible', -aihount. . ' -■■'''This- is. equivalent ..to the ' 'use'.of..; 

i5',.per,':Cent-brine9','',',''-;v ■ 
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SUSCEPTIBII.ITY OF CITROUS FRUITS TO THE ATTACK 
OF THE MEDITERRANEAN FRUIT FEY 

By B. A. Back, Entomological Assistant, and C. E. Pemberton, Scientific Assistant, 
Mediterranean Fruit-Fly Investigations, Bureau of Entomology 

INTRODUCTION 

Since the discovery in 1910 that the Mediterranean fruit fly {Ceratitis 
capitata Wied.) had become established in the Hawaiian Islands, the fruit 
growers, and especially the citrous fruit growers, of the mainland States 
have increasingly feared that this dreaded pest would be able to gain 
access to the mainland on some one of the many ships plying between 
Honolulu and the Pacific coast and would appear in the citrous orchards 
of California and Florida, In addition to this danger from the Pacific, 
there have been similar fears regarding imported fruits from the Bermudas 
and the Mediterranean regions. While investigations carried on by the 
Federal Horticultural Board have shown that the opportunity for entry 
and establishment of the fly from these trans- Atlantic countries is very 
slight, there remains the ever-present danger that sooner or later this 
pest will reach the mainland from the Pacific, in spite of the increasingly 
rigid quarantine of Hawaiian host fruits. It is therefore opportune to 
record data secured in the Hawaiian Islands 'which tend to show that even 
if this fruit fly should obtain a foothold in the warmer portions of the 
United States, it probably would not be the serious pest to citrous fruits 
that previously published literature would indicate. 

HISTORICAL REVIEW 

This literature has been full of references to the havoc caused to citrous 
fruits by the Mediterranean fruit fly. The first published reference is 
by Eatreille, who states (1817)^ on the authority of Cattoire that the 
colonists of Mauritius could with difficulty obtain citrous fruits sound at 
maturity, on account of the attacks of a dipterous insect that deposited 
eggs in the fruit. MacLeay (1829) writes of this pest as an insect \"ery 
destructive to oranges and states that fully one-third of the oranges arriv- 
ing in London from the Azores were in a decayed condition as a result of 
the attacks of this pest. ■ He also secured the insect from, citrous fruits in 
Madeira and the Cape Verde Islands. F. DeBreme (1842) speaks of this 
fruit fly as a pest to oranges near Malaga, Spain; and Westwood (1848), 
under the caption '‘The Orange Fly,'' mentions securing specimens from 

F Bibliographic citations in pareatheses r^fer to “ Citmtufe cited,’* p. 330. 
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decayed oranges received at London from St. Michael. Villeiieuve {1859} 
exhibited before the Entomological Society of France an infested orange 
from Algeria, and Laboulbene (1871) describes the injuries caused by tlie 
fruit fly to oranges in Algeria and quotes from notes furnished liirn by 
Boisdiival to the effect that at Bildah and in all Algeria the orange crop 
was completely destroyed by the insect. On the other hand, Roiidaiii 
(1870) writes that the species is rare in Spain and is found in Italy only 
in the southern part. 

While the purpose of this article is not to record the literature of this 
fruit fly, these few references are sufficient to show that much of the early 
literature greatly emphasizes the destructiveness of the Mediterranean 
fruit fly to citrous fruits and has laid little stress upon other fruits more 
susceptible to attack. It is also interesting to note that much of this 
older literature, which has been generously copied by later writers, records 
damage to citrous crops grown in very equable climates and in localities 
where presumably, as in the Hawaiian Islands, there are many host 
fruits whose, commercial value was so small, that they escaped the notice 
of these' winters, who judged of the seriousness of the pest by the fruits 
arriving at their home markets- or from common reports. It is also very 
possible, with our more exact knowledge of the causes of the decay of 
fruit: in transit and of the wholesale shedding of citrous fruits in the, field, 
due to several fungous diseases, to question the reliability of some of the 
earlier .statements. 

HOST FRUITS 

■ Apparently the first observer who did not entirely agree with Mac- 
Eeay’s statement that whenever a puncture is found in the rind of the 
orange ‘Rhere is a' worm concealed in the interior” is Laboulbene, who 
said that when he compared his observations on the damage done^ to 
oranges by the M,editerraneaii fruit fly with those recorded by others he 
found certain contradictory facts .which needed fu,rther investigation. 
These contradictory facts, although Laboulbene did not know it, were, 
concerned with what has been determined by the writers as an excessive 
.mortality occurring' among the eggs and larvm of, the Mediterranean 
fruit fly in the orange rind. This mortality, which in the examination of 
'39 grapefruit that were yellow in color amounted to 99.7 per cent of 7,722 
forms, as ' Shown' in Table I, will prove a very effective factor in. checking 
'this pest.in the citrous regions, of the United States, especially when 'Com- 
/bined with .the climatic and 'floral characteristics of .these citrous regions 
:and'''the 'me,thod of growing and harvesting' the fruit. ; 



joii. IS. 19JS Citrous Fruits and Mediterranean Fruit Fly 313 


TabIvI? I.— Results of exanimations of ripe citrous fruits infested hy the Mediterranean 

fruit fly ^ 


Ki'ncl of fruit. 

Num- 

ber 

of 

fruits 

ex- 

amin- 

ed. 

Punctures. ' 

Eggs. 

Earv®. 

Total 
num- 
ber oC 
forms 
ex- 
amin- 
ed. 

Emp- 

ty. 

Not 

emp- 

ty. 

Nor- 

mal. 

Abnor- 

mal. 

Alive. 

Dead. 

In 

punc- 

ture. 

In 

rag. 

In 

pulp. 

In 

punc- 

ture. 

In 

rag. 

In 

pulp. 

Grapefruit 

39 

123 

378 

959 

S,8S2 

20 

I 

0 

534 

326 

0 

7>732 

Temon. 

SO 

380 

iSs 

693 

729 

29 

0 

0 

339 

IS 

0 

1,805 

Lime 

50 

180 

218 

345 

187 

0 

0 

25 

474 

424 

0 

n, 453 

Shaddock No. i . . . . 

14 

0 

44 

5 

36, 

0 

152 

55 

17 

38 

0 

303 

Shaddock No. 2 ... . 

14 

4S 

237 

6 

38 

S 

2 

3 

40s 

6g6 

0 

X,i 55 

Kusaie lime 

17 

194 

80 

196 

201 

0 ; 

s 

0 

156 

280 

0 

■ 838 

Sweet orange 

58 

251 

452 

2S7 

397 

55 

0 

17 

i>237 

1,652 

0 

3 ? 64s 

Sour orange 

aS 

S7 

174 

664 

1,026 

20 1 

9 

231 

347 

59 

X 

2?3S7 

Chinese orange 

85 

X 

115 

207 

286 

0 

8 

383 

s 

14 

37 

923 


« These examinations were made sufficiently long after the fruits were gathered to permit all eggs to 
hatch. All eggs recorded in tables are in reality dead, even though certain of them are marked “ normal 
in appearance. 


The excessive mortality referred to does not mean that citrons fruits 
are less attractive to the adult Mediterranean fruit flies or that the fruit 
of certain species of the Citrus family is not capable of becoming badly 
infested. Reference to Table I shows that the female fly freely oviposits 
in grapefruit, lemons, limes, shaddocks, and sweet, sour, and Chinese 
oranges. Whatever be the degree of preference shown by the 

females for other fruits, it is not great enough, at least under Hawaiian 
conditions, to lead them entirely to ignore citrous fruits, even when 
these are grown in close proximity to such a favored host fruit as the 
peach. A study of the data in Table II shows that the female has a 
much stronger preference for the mango (Mangifera indica) and the ball 
kamani {Calophyllum inophyllum) than she has for the orange or lemon. 
While the data are very limited as to the amount and the number of 
fruits treated, they are indicative of conditions in the field covering 
a larger range of fruits. In Bermuda during December, 1913, the senior 
writer found oranges unaffected while Thevetia and loqnats (Eriobotrya 
japonica) were well infested. Unfortunately for experimental purposes 
there are in Hawaii no large Citrus orchards free from other host fruits. 
Instead there are growing a great profusion of host fruits, chiefly in city 
or suburban districts, which furnish a rapid succession of fruit flies. 
No matter, therefore, what preference the ovipositing females may show 
for noncitrous fruits, the flies are present in such large and constantly 
augmented numbers that the slowly maturing citrous fruits are bound 
to be attacked. This is especially true during the months of December, 
January, and February, when a comparatively small number of host 
iruits other than Citrus are in season. ■ ■ Dike conditions also exist at other 
'.seasons the, year,, during . the .short ■intervals .'between '..the. 'H 
of Qther host fruits. While many of these host fruits ripen quickly, 
the' dtrous, ''fruits,, .^-with'' , the. ^exception ''of ' ' ^the''': 'Ghinese';. ;brange^':': 'deyelop; 
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slowly and offer themselves for attack over a considerable length of time. 
Female fruit flies have been seen in Honoktlti ovipositing in certain 
grapefruits and oranges over a period of two or three months. It is not 
therefore contradictory to the statement that citrous fruits are not the 
preferred hosts of the fly that we find so large a iiuniber of piiiictiires 
recorded in Table I. 

TablU II. — Hosi~/ruH. preference of the Mediterranean, fruit Jly 


Experi" 

ment 

No. 


Combination and condition of fruits. 


N imdier 
of punc- 
tures. 


Number 
of eggs. 


I (Orange, ripe but green in color. 
j\Mango, partially ripe 


/Orange, partially ripe. 
\Mango, partially ripe. 


6 

iS 


/Orange, ripe. 
^ \Mango, ripe. 


16 xos 

13s 


(Orange, partially ripe, 
^ /Mango, partially ripe. 


23 

84 


/Orange, ripe. 
* \Maugo, ripe. 


o 0 

2 SO 


[Lemon, green in color. . . . . 

6 '(Mango, partially ripe 

[Bali karnani, partially ripe. 



( Lenion, ripe. 

Mango, ripe, . . . . . 
Ball karnani, ripe. 


x o 

4 S8 

3 ;Xi4 


[Lemon, partially ripe. . . , . . 
8 /Mango, partially ripe. . — 
[Ball karnani, partially ripe. 


o o 

S 54 

4 376 


[Mango, nearly dpe 

9 Ball karnani, ripe but .sound 

llyCmon, beginning to turn color, 


3 ■ IS 

o o 

o o 


ro 


f Orange, ripe 

i Mango, partially, ripe — 

[Ball karnani, pattially ripe 

[itose-apple {Catyophylhis jambox) nearly ripe, 


X 10 

E St8 

4 »42 

4 44 


IX 


[Orange, ripe.^ 

/'Rostvapple, ripe. .... 
[Mango, ripe ..... 


3 

rx 


xa 6 


IS 


[Lemon, beginning to tarn yello-w 

/Mango, partially ripe 

[BaU karnani, mature but solid... 


o ■ o 

3 IS 

o. o 


HABITS OF MKHITERRANFAN FRUIT mfi" 

. "For those unfamiliar with the Mediterranean fruit fly it may be briefly 
stated that this pest belongs to^ the order Diptera and the family Trypetidae. 
Itis'one'of many species of this family that cause much injury by their 
attack upon various fruits. In the' Hawaiian Islands^ the fly attacks over 
■30 : different species of fruits and has, caused great financial loss, The 
';adultfemale,, which is about the size of the ordinary.lio'use fly, pierces the 
skin" of' "the; host fruit and' forms an egg cavity ''beneath, '.'in,, which, vshe 
(deposits eggs.'., - The, larvse which; hatch from, these eggs either ''burrow, at 
once to the center of the fruit, as in the peach {AmygdaMs' perska)j fox 
;;ih£i5,,4fe^d::;;'''in star-apple JChrysophylkim 
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cainito). In either case the fruit is rendered worthless by the developing 
larvis before it is ripe. When the larviae become well grown, they leave 
the fruit (PL XL) either before or after it has fallen and enter the 
ground or other protected places and transform to the pupal stage, from 
which the adult later emerges. In Hawaii the Mediterranean fruit fly 
requires in passing from the egg to the adult stage from days in sum- 
mer to about 47 days diiring^^the coldest winter weather. In this paper 
the words “ puncture” and “egg cavity” are often used s3nion3miously. 

PROPORTION OF RGG PUNCTURES CONTAINING EGGS 

The data in Table I show that many of the punctures in the rind made 
by the female contain no eggs. In one of the most favored host fruits, 
the peach, practically all the punctures made contain eggs. Of 534 punc- 
tures made in 112 peaches but 13 w^ere empty. The rind of lemon con- 
tains a much higher percentage of empty punctures than that of any of 
the other citrous fruits in Hawaii, except the Kusaie lime {Citrus limetta). 
In the 50 fruits examined 380 empty punctures were found, as compared 
with 185 with eggs. Practically all punctures in Chinese oranges contain 
eggs. (See Table I.) In the 85 fruits examined only i puncture out of 
1 16 was empty. Grapefruit, or pomelos, shaddocks, and sour oranges 
seem to be preferred for oviposition to the ordinary budded or seedling 
oranges. It has been noted that adult fruit flies, especially the males, 
congregate in large numbers on citrous trees, and in the laboratory both 
sexes are quickly attracted to pieces of cut rind of citrous fruits. They 
seem to take pleasure in feeding upon the oils and other substances con- 
tained in the broken cells, and it is possible that in the field their liking 
for juices made available by the process of forming the egg cavity is so 
great that the females discontinue ovipositing and begin feeding. The 
large percentage of empty punctures in lemons and Kusaie limes, in par- 
ticular, can not be ascribed to a lack of ripeness, as in practically all in- 
stances the fruits examined were fully grown and a large, percentage; were 
colored and overripe. 

MORTALITY OF EGGS AND 

Although tiiany punctures, in citrous f rtiitS' ,may be ' empty, , others' con-, 
tain' a sufficient , number of ■ eggs to infest ,badly.a fruit' not so',well 
equipped by nature to withstand attack. ' Out' of '13 pimcturesTn one 
grapefruit 9 'Contained 76,. 133, 32,. 25, 18, 8, 46, '113,' and; 9 eggs,, respec- 
tively . ■ While this is', a larger number' of ' eggs', than ' is usually found 'in a 
like number of punctures, it is sufficient when supplemented by the data 
,irom'Other citrous fruits "tO/ arouse interest in. finding a,' reason, why,, with.' 
so many eggs' deposited in citrous fruits, so very few flies succeed in reaching . 
maturity, '■ ' (See Table I.) , Thirty-nine oranges, either. yellowDiorange in 
''color, picked' fro'ni'Tbe' trees ""on '■■September'" ,13', ",'1913, ,'a'nd,'Coiitaimii'g':'m 
average of '■■3',2 punctures, with a maximum of 108 and amminium of 7 
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punctures, developed no flies, and their pulp was in a sound though 
somewhat shrunken condition after they had been held in the laboratory 
for one month. 

That there takes place in citrous fruits a very great and previously 
unrecorded mortality among the eggs and larv'ss is clearly set forth in the 
data ill Table 1. This mortality is especially pronounced in grapefruit, 
lemons, sweet oranges, and Kusaie limes in Hawaii, is less in Hawaiian 
limes and sou,.r oranges, and very much less in Chinese oranges. It has 
been a common belief among many in Hawaii that citrous fruits are too acid 
to permit thelaiw^e tolive in their pulp until ripe, in spite of the contradic- 
tory evidence that the quite acid Chinese orange is generally infested. 
The data in Table HI are here given in proof that no citrous fruit, not 
even the lemon, is too acid for the development of Mediterranean fruit-fly 
lan^e. A study of the data shows that there is a high mortality among 
larv^ae transferred' to citrous fruits. Too much importance, however, 
should not be placed upon this, as these fruits must be mutilated some* 
what in the process of transferring the lar^^se and therefore are more 
easily attacked decay fungi, which bring about a condition not espe- 
cially desirable for the growth of larvae and often positively fatal to their 
development. The data are of special interest in proving that even 
iirst-instar laiwae are able to reach maturity in well-grown though green 
lemons. The percentage of first-instar larvae maturing in green lemons 
was ill several instances even greater than that of lan^^ maturing in ripe 
lemons, ' 

Table lll.-^Denelopmeni of larvco of Alediictranean fruit fly in dtro-us fruits 


Transference of larv'je. 


Eroin— ' 

To— 

Bate. 

Insiar. 

Ball kainai:ii 

Ripe lemon 

P'eb. 19. 

lErsi . . 

Winged kamatii ( Ternima-' 
ita caiappa). 

. , . , .do 

la 

. . .do . . 

Green lemon 

sS 



California lemon 


.. .do,. 





Bo ■ 

Green lemon 


.. .do.. 




.do.. 





Do...'.,... 

Green lemon 

x8and 19 
18 

. . . do . . 

.Eall kamani 

Ripe lemon 

Third, 

Winged fcaman'i 

Green lemon. 


. . . do . . 

■ ■ Do....'.. 

Ripe lemon 



ChineS'e orange. . 

Green lemon 

18 

. , . do . , 

Bo' ' 

Ripe lemon. 

18 

. . -do . , 

Ball kamani . . 

California grapefruit 

20 and 21 

Fir.st. , 

Winged Icamanl. 

do 

21 

...do,. 

'Bo..,.. 

do 

13 to 21 , .. 
20 'to 22 . . 

Second 

Ball kaniani . . 

.... .do 

. . , do . . 

'. 'Bo....... 

do. 

20 and 21 

Third. 

Winged'k'ainatii. . ..... 

. . . . .do . . 

21 ....... . 

. . . do . . 

Bapaya. .' . 

'Ripe sweet orange, 

16,..,. . 

' Rirst. , 

. , . do , , 

CMnese, orange. 

.... .do 

ao, , - . . - 

Winged. katnaai. 

... .do ; 

12. ... 

. . .do. . 

: ■/Bo.'.,'.,,...'. 

.... .do. ........ 

12 and 13 

17 

■td. * 

Second 

Bapaya (Carica papaya) . - 

do 

. . . do . . 

'' Chinese orange. 

do .... 

'..do. 

Winged..',katnani.„ 

do 

'13 to; id., . 
ry. . 

'Third. 

. . , do . . 

Papaya. . 

do 

Chinese orange. 

. . -do :■ . . '■ ' ■' ; „ ■ 

.Id.,. 

'IS. . . . 

.';.'.do. . 

'. ,. .do . . 

■ Ball kam.anii , , . . ... , 

do . . ..... ..... 






Number of lurviK. 


Trans- 

ferred. 

Died. I 

tiired. 




23 

1,8 

t’:o 

i; 30 

0 

I'; 

17 

0 

480 

38 1 

09 

■| 60 

IXJ 

43 

so 

r; 

3 

.ISO 

1:10 

'lO 

40 

.32 

a 

40 

26 

I 14 

do 


1 , 27 

80 ; 

50 

\ 3 ' 0 ' 

ado 

207 

53 

60 

43 

t 9 

,220 

123 

9 S 

& 

71 

S ' 9 

20 

13 

7 

120 

. 67 

i ' S 3 ' 

240 


lOj' 

, 60 

27 ' 

3.3 

do 

32 


20 

12 

■ 8 

' 

20 

0 

40 

■16 

i 24 

. 140 

6,g 

' . ' ■: 75 

40" 

.M 

I ' ' '■ "« 

' , ' do. 

' 32 

|, ,'28 

,120 

24 

}' 96 

' 40 

20 '. 

'2p 

90 

3 d 


. ,40 

, ', ' ,8 

, 3a 
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The data in the tables make it evident that the cause of the mortalit,y 
is hot the acidity of the fruit. The figures are of interest in showing 
that the mortality occurs largely in the rind, either among the eggs in 
the piiiictiires or among the newly hatched Taiwai in the egg cavity 
where they hatch or in the rag beneath. The percentages of mortality 
occurring among eggs and newly hatched lame are given in Table IV. 

Tabij<: IV ,—Mortaliiy of eggs and larvai of Mediterranean fmit fly in the rind 


Kind of fruit. 

Total 
number 
of forms 
exam- 
ined. 

jMortaHt,y in percentages in 
rind. 

A,mong 

eggs. 

Among 

larva?. 

O'etaL 

Cifspt'fniit 

8, 222 




IvCmoiis * 

70. 1 ,: 

9 - 3 

99. 8 
97 - r 

Eirnes, . . . ■ 

S38 

3>63S 

1 


Kiisaic limes 


bS' 0 
SI.S 
79.0 
S7-3 
95*3 

sS. X 

99- 4 

Sweet oratijjes 


Sour oraiijjcs 

7 S. 7 
■a. 8 


Shtiddock No. i 

'j / 

X . I 

'99. I 

Shaddock No. 2 


0 

Chinese oraiige 


13. s 


31 ;. (1 

SJ.s 



3* 7 

4 (). S 


MORTAl.lTy AMONG EGGS 

As eggs deposited in such. host fruits as the peach and loquat hatch 
with great certainty, the writers were of- the opiiiioti that the oil. in the 
oil cells of tlie rind was an active agent in killing the eggs in^ citrous 
fruits. In puncturing the rind in the process of fomiing the egg cavity 
the female is likely to drill through one or several oil cells ^ and the oil 
thus freedj tliougli not of sufficient quantity to drive the female away^ is 
siifiicic.nt in iTiany instances to kill all or many of the eggs deposited. 
The data in Table V is'idicate tl'iat there is no question that the oil causes 
the death of the. eggs. Only 163 out of i,6oo eggs treated with oil 
hatched, as compared with 1,313 out of 1,600 eggs held as a check. .'The 
eggs under observaiioti were dissected out of punctures in ■, California 
apples and iilaced oti fresli foliage in moist' jars. The treated eggs w.ere 
not 'sprayed according to the -usual .met, hod, but l>y bending .over, them a 
.portio,n of rind of fresli orange (in .the fi.rst record) or fresh .lemon (in 
the. second and tliird recordvs) so. that .the oil from the ruptured . cells 
reached the eggs in t!-iat fine. -.mistlike ■ spray familiar' to air who ■ have 
eaten freshly gathered oranges. The, much larger number of .treated 
eggs that, hatched in the last record is accounted for by the ' w.iiters by 
their being .'fully 20 hours older than those in, the second lot when treated. 
It sliould be stated that eggs removed from, their host' do not usually all 
hatch, -as' some sustain slight inju,rie'S and others iiiay be, infertile. . , See... 
.mieV. ', 
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Tabi,,!? — Effect of oil from rind of orange and lemon upon the hatching of eggs of the 

Mediterranean fruit fly 





Ntmiber of 




'liatclied. 

Perkxi of tioposii inij 

'CreattKl 
wiHi oil. 

Check. 






Treated, 

Check. 

1.30 p. m.. Mar. 22, 'to 9 a. an.. Mar. 

800 

Soo 

41 

609 

9 a. m. to X p. m.. Mar. 27 

400 

400 

3 

342 

9 a. tn., Mar. 37,109 a.m., Mar. 28 

400 

400 

119 

3^4 

'rnti-il , 1 . , ■ - 

1 , 600 

I j 600 

163 





1 n-3 


Further evidence that the oil in the ruptured cells is the killing agent 
is the very small mortality among the eggs deposited in the Chinese 
oranges. Since in this fruit the rind is only about two twenty-fifths of 
an inch in thickness, the female is compelled to deposit lier eggs eitlier 
through the rind into the pulp or in a position between and parallel to 
the rind and pul|;), but' at a distance from the puncture that seems to be 
a protection from any oil set free by the pimctiiring process. Of 609 
eggs thus deposited between the rind and the pulp 600, or 98.5 per cent, 
hatched,' as determined by an examination of 85 fruits one week after 
they had been picked. A comparison of the 98.5 per cent hatched in 
Chinese oranges with the percentage of the mortality among eggs in 
other citrous fruits emphasizes the part the oil has in causing mortality 
among eggs. It is also interesting to note in passing that the eggs in 
Kusaie limes, the rind of which is sufficiently thick so that the eggs are 
deposited directly beneath the puncture, die with great regularity, while 
the eggs in liawaiian limes, the rind of which may be sufficiently thin to 
permit the eggs being deposited as in ChinevSe oranges or so thick (accord- 
ing to the individual tree) that the eggs are laid either in the cavity in 
the rind or between tlie rind and pulp but directly beneath tlie puncture, 
suffer a degree of mortality . between that of eggs deposited in Chinese 
oranges and Kusaie limes. 

While in Chinese oranges the eggs deposited between and parallel to 
the rind and pulp hatch with great regularity, those deposited through 
the rind into the pulp are subjected to a mortality caused either by exces- 
sive, moisture or lack of air. Eggs thus laid are usually placed beiieatii 
the skill, covering the, pulp, and the fascicle w'liich they compose 
appears, after the rind has been removed, as a dull white spot that is 
easily, overlooked. , Usually no trace of the opening through the, skin 
covering' the pulp, through 'which the eggs have been' deposited can be 
found. , ' The ' eggs "appear thoroughly sealed within the,,i)'Ulp. ,In some 
,few,instances, the, opening is distinct and, occasionally an egg is left in it, 
:'ha'lf*,in andtialf out ,of the ,pulp. ■ 'When these openings in the skin occur, 
the eggs' ,„"appea'r to hatch nonnally. ■ E-gg masses',, deposited ..entirely 
.within the pulp' 'may be located’, externally a few days after, oviposition 
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by a round white sunken area in the rind which varies in size with the 
passing of time up to an inch in diameter. Of 560 eggs found in the 
examination of the above-mentioned 85 Chinese oranges 471, or^ 84.1 
per cent, were imhatched and dead. This same kind of mortality occurs 
to a less extent in ordinary Hawaiian limes, but with no regularity, as 
the rind of these fruits in most instances is so thick that the female can 
not place her eggs within the pulp. 

MORTALITY AMONG UARViE 

It lias been shown that mortality among the eggs occurs in the rind and 
in the pulp. Larval mortality occurs chiefly during the first instar, either 
ill the egg cavity or in the rag beneath. Though mortality does occur in 
the pulp to a slight degree, no further notice of it will be taken, as it has 
little bearing upon the general purpose of this paper. The data in 
Table I show that of 6,571 larvse recorded as dead but 18 died in the pulp, 
while 3,166 died in the egg cavities where they hatched, and 3,387 in the 
rag of the rind. The causes for this mortality of laiA^se in the rind are 
threefold : The oil from the ruptured cells, the texture of the walls of the 
|)iincture, and the texture of the rag. 

In the treatment of the eggs wdth oil, as recorded in Table V, it was 
found that of the larvae, hatching from the 163 eggs out of the lot of 1,600 
eggs sprayed all died either before they were entirely out of the eggshell 
or before they had crawled much more than one-fourth of an inch. They 
exhibited a general weakness entirely lacking in normal larvae. 'Larvae 
hatching from check eggs were normal and crawled actively to all parts 
of the containing vials. As the oil sprayed on the eggs and foliage on 
which tlie eggs rested appeared to have entirely evaporated by the 
time of hatcliing, the writers believe that the few larvas that succeeded 
ill emerging from the eggs died from weakness imparted to the ' developing 
embryo by tlie oil witli which the -eggs were sprayed rather than from 
the effect of any oil still on the foliage with vchich they came in contact' on' 
hatching. Suliseqiieiit experiments have shown this, supposition to , have 
been correct. "Tlie writers believe, therefore, that the very large per*'' 
.ccntage of tlie .deaths among newly hatched larvm occurring in the egg 
cavity is tlie result of tlie action of the oil liberated during the formation 

of the cavity'" *-oil wliicli is sufficiently abundant to weaken the 'developing 

embryo but not abundant enough to kill the egg./ 

, To such,'. weakened . larvm and 'probably to many other normal .'larvse 
hatching in egg cavities made without, 'the rupture, of .oil cells the ,texture 
of the walls' of the cavity present another , difficulty. ' In 'many, host fruits, 
such as the .peach, and loquat,.the eggs' are crowded, into, and completely., 
fill the cavity .made by the female, but shortly after oviposition,' possibly,, 
■as, the .result of The .action of a,' fluid 'introduced by the female with "the 
eggs, the flesh of the host shrinks considerably from the eggs, thus usually 
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leaving the eggs well separated and with ample room, making conditions 
favorable for the newly hatched larv^. (See figs, i and 2.) On the other 
hand, in citrons fruits no such enlargement of the egg cavity takes place. 
Instead there occurs a general hardening of the walls of the cavity, and 
the eggs remain as tightly packed as when deposited. In many instances 

the cavity walls become almost woody. 
In fact the egg cavities in all the thicker 
skinned citrous fruits, such as grape^ 
fruit, lemons, and sweet oranges, re- 
semble a gall the cavity of which is filled 
with eggs and the opening more or less 
clogged with a yellowish substance 

s*jQ. x.-— ^jross secuoa oi peacn, snowing egg r ^ i • xt 

cavity of the Mediterranean fmit fly with from the riiptured cells, and 111 Hawaii 

eggs. Drawing made directly after oviposi- gtill further Sealed bv CXUdatiollS of 

tioB. Original. . . ^ . 

gummy secretions, especially 111 certain 
grapefruit, limes, and lemons. .These gall-like cavities in the rind do not 
share in the general -withering of the rind,, that takes place in citrous 
fruits' after they have been picked for some days, but stand out from 
the general surface as small nodosities. (See fig. 3.) It is usual in host 
fruits of the fruit fly for the punctured surface to develop a depression. 
These thickened and often woody walls of the cavity no doubt offer an 
obstacle to the lar\?-a2 reaching the 
rest of the fruit which they can not 
overcome; hence, the larvse are 
forced either to die in the cavity itself 
or to work their -way out through 
the opening of the puncture to the 
■ surface of the fruit. It is probably 
seldom that larvse leave the fruit by 
way of the opening of the puncture, 
but a few newly hatched larvjae have 
been found by the writers with their 
bodies half way out of the fruit. 

Lame that succeed in getting out 
of the cavity must burrow through 
the rag before reaching the pulp, and 
this :is. a difficult' task,, as evidenced ■ days after oviposHicm. ondnai. 

by the fact. that, out of 3,345 newly hatched laivse ,, that succeeded in 
reaching the rag, as shown in Table 1/ 3,276, or 97.9 , per cent, died, in 
: ' the' rag. 'The larvse, after leaving the egg cavity, burrow in all directioUvS, 
.but .seldom get more than i' inch from the cavity and usually not "that far. 
■Often 'they are, able, 'to reach the, skin covering the pulp or to burrow 

■ niis BttBxbfir '.estcludles sHaddoclc, N'o. s and .sour. and Chinese oran'ges, whidi: are of ,sk> eoiBmereiai'value 
; and are mpfe.easiiy mffe.ted than ' grapefmit.iem'onsnimes, and sweet , ' 



I'lG. — Cross se<'t,ion o* peH.di, showing' lire gen- 
eral shnvdhig. of the walls of the e,ftir cavity and 
tlie separation of the ,eggs. ,.Dra;win,g ina<:lc> iK 
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down between the sections of the fruit, but seem to be lacking in strength 
to penetrate the skin after they have reached it. There apparently is 
nothing in the rag itself as a food to cause the death of the larvse, as larvae 
can attain full growth when feeding on the rag of certain shaddocks. 
Whether larvae die or not seems dependent upon the degree of toughness 
of the rag, and the closeness with which the rag adheres to the, skin 
covering the pulp. The toughest rag found was that of sweet oranges 
still hanging on the tree in March in a much overripe condition. These 
fruits had begun to be pithy at the stem end, and the rind, which was 
more or less russeted, had begun to wither and yielded no oil when sharply 
bent. These fruits were very much like the over- 
ripe, badly russeted seedling oranges frecjuently 
found on trees in Florida during April and May as 
“leftovers” from the winter crop. In the 20 
fruits examined, containing an average of 7 punc- 
tures to the fruit, no larva was able to penetrate 
the rag. The coarsest rag or that with the loosest 
texture is that found in certain large shaddocks 
growingin Hilo, Hawaii (PI. XLI). These fruits 
were much overripe when gathered from the tree 
in March. An examination of 14 of these fruits 
showed that out of 245 larvae, mostly in the third 
instar, present in the rag and pulp, 152 were alive 
in the rag, 55 alive in the pulp, and only 38 dead, all 
in the rag. Fourteen other shaddocks, apparently 
in the same state of ripeness but growing on 
another tree and so very much undersized as to 
resemble a medium-sized grapefruit, had a very 
much tougher rag. An examination of these fruits 
showed that but 5 very young larvae out of 701 
found in the rag were alive and that no larvae had 
succeeded in penetrating the pulp. ^ The data in 
Table I show that in the grapefruit, lemons, limes, 
and sweet oranges examined, 326, 15, 424, and 
1,552 first-instar larvae, respectively, died in their 
attempt to puncture the rag, as compared with but i first-instar larva 
found alive in the rag of grapefruit and 1.7 third-instar lar^^sefound inthe 
pulp of sweet oranges. 

The ordinary sour orange of Hawaii, which is identical with that grown 
in Florida, possesses a loosely attached rind the rag of which is much 
looser in texture and from the standpoint of imperviousness to the young 
larv^ seems half way between that of the ordinary sweet orange and large 
well-ripened shaddocks;" -After' the ^darvae have, ^succeeded in passing 
through '.'the 'rag of these .orangeS’ they work their, way/ between the' rag; 
■and the, , skin' and ,' finallv • enter , ,the :: pulp, „ usually, at ; the ■ blossom end. 



Fig. 3.-'Sectioii of grapefruit 
rind, showi,ng two egg cavF 
ties, one in cross section. 
Drawing „ made • one' , w'eek 
after fruit was picked. Note 
conical elevation about the 
egg cavities left', , by the 
'withering of the rind; also 
the thickened walls of the 
egg cavity and the .single 
larval channel m the rag. 
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Hawaiian limes possess less rag than sour oranges and the larvae reach the 
pulp more easily. In 1,692 ripe and yellow limes picked during April, 
showing an average of about 5 punctures to the fruit, the larvce succeeded 
in reaching the pulp in but 287 cases. Chinese oranges have been shown 
to be generally infested because they possess a very thin, loosely fitting 
rind, and for practical purposes may be said to possess no rag. Unfor- 
tunately the writers have had but little experience with tangerines (dims 
nobilis), as these are rarely found in Hawaii, but such few fruits as have 
come to their attention have been well infested, which is to be expected, 
because of their thin, loOvSely fitting rind and rag. 

PF,RSISTKNT ATTACK LEADING TO INFESTATION OF THE PULP 

Eaboratory experiments and field examinations have shown that the 
female fiy seldom deposits more than six eggs in a puncture at one time. 
So well has nature equipped the average citrous fruit to withstand attack 
that it is doubtful whether such fruits as the grapefruit, lemon, or orange 
would ever become infested ^ until very much overripe, if the female fly 
foiined a new puncture for each batch of eggs deposited, thus making it 
necessary for the latv-se hatching from each lot of eggs to face identical 
difficulties in reaching the pulp. This, however, she does not always do. 
As many as 153 eggs have been taken from a single puncture in grapefruit. 
A very large number of punctures contained more eggs than the female 
deposits normally at one oviposition. It is very evident, therefore, that 
females oviposit in a large number of instances in the sam e puncture 
rather than make a fresh puncture for each batch of eggs. Frequently 
freshly laid eggs have been found in egg cavities from which channels 
made b}’' larvae from previously deposited batches of eggs extend through, 
to, and into the pulp or in punctured areas of the rind showing dry decay 
wffiicli is known from obsenmtion to have been forming' for fully one 
month. . Usually the rag beneath a puncture develops a discolored area, 
no, matter whether the puncture originally contained eggs or not, and 
very often, this discoloration of the rag,, which appears to be caused by a 
dry, rot,' extends to the outeniind and causes deadened, vSimken areas to 
form about 'the punctures. Such blackened areas, which had' been 
developing in the rind of well-punctured oranges held at the laboratory 
for one ,tnontli after picking, are shown in^ Plate XIAI, figure 2. ' 

It, has' already been stated that many larvse die in the rag and that 
before dying some of these larvse channel through the rag in all directions. 
''Often air the larvse escaping from, a puncture will be found dead next the^ 
' skin' protecting the pulp'; again they will be found' dead' at the heads," of, 
channel's extending fully 'i,' inch from the puncture: In, large "Shaddocks 
they may even ',- channel 3 or 4 inches through the loose rag' (PL:'XE,I)„., 

,, ,„rrhe term 'infested’' is here applied to fruits have larvae in the pttip.'show' decay,, and become 

gmerally unfit for consumpti'dn',. ',' '■ ■ 
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It is evident, therefore, that larvae hatching from the successive batches of 
eggs deposited in punctures or in the decayed areas of the rind forming 
about the punctures find conditions increasingly favorable to their ulti- 
mate success in reaching the pulp. The longer the fruit is allowed to 
remain on the tree after it becomes ripe, the easier it is for the m^aggots to 
reach the pulp. The rind can not withstand indefinitely the persistent 
attack of successive lots of larvae and the work of decay fungi to which the 
punctiires give entry (PI. XLII, fig. i). Thus, 39 sweet oranges showing 
an average of 32 punctures to the fruit, gathered from the trees in Sep- 
tember, 1913, at a time when they were just becoming ripe, developed no 
larvm. On the other hand, out of 784 sweet oranges gathered during 
March, 1914, in a very much overripe condition, 254 produced 2,272 
lan^se, or an average of about 9 larvae to the fruit. On account of the 
looseness of the rind and rag of sour oranges and the greater ease with 
which the rind is destroyed by decay fungi, these fruits are more quickly 
infested by the fruit-fly larvae. 

While both sweet and sour oranges in an overripe condition ultimately 
succumb to the repeated attacks of the Mediterranean fruit fly if per- 
mitted to reniain on the tree, lemons, both of the commercial smooth- 
skinned and the rough-skinned varieties, withstand these attacks with 
a constancy that is astonishing. Lemons are not grown in sufficiently 
large niinibers in Plawaii to permit the writers to record observations on 
large quantities of fruit, but even in orchards where the fruit is heavily 
punctured infested fruits are very seldom found. In about two years’ 
time only three infested lemons of the commercial variety and one of the 
rough-skinned variety have been seen by the writers or by fruit-fly 
inspectors. Out of 235 well-grown and for the most part ripe lemons of 
the commercial type, picked from the tree, only r developed laiwoe (this 
contained 3), and this fruit when picked was partially decayed as a 
result of a tliorn prick. Out of 161 lemons of the same; variety, taken,, 
from the ground in a very much overripe condition, but 2 developed 
larvse — i and 5, respectively. No larvic developed in 434 'ripe rough- 
skinned but badly punctured lemons picked from the tree. One partially 
.decayed rough-skinned le,tiion taken from the ground produced' I2lai*vge. 

The thicker skinned grapefruit, such as the writers have had an oppor- 
tunity to study best, have shown a strong resistance to the repeated attack 
of lan^se or fungi. Yet these fruits were all grown on less than a dozen 
' trees and in one garden. Twenty-five fruits taken from beneath 'these 
trees in a very ripe condition and showing an infestation of the rind 
equaling that recorded in Table I of the 39 fruits picked from the same 
trees, ' produced, 'Uo ,larvje,in the pulp./''' Howeve.r, larvae have,, been found" 
in'' a few ,thin-skitmed grapefruit-.: that were in a very m'Uch, overripe con-' 
(dition.' ' ' 
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SECONDARY RTTACIC OF CITROUS FRUITS BY INSECTS OTHER THAN 

THE FRUIT FLY AND BY FUNGI 

The excellent experimental work of the Bureau of Plant Iiidiistry 
carried on in Florida during the last few years has forcibly demonstrated 
the causes of decay of citrous fruits in transit from orchard to market. 
Mechanical injuries to the rind have been found to be a fertile source 
of trouble by furnishing entry for decay fungi. The writers believe 
that a great share of the decay of oranges en route to market, recorded 
in the early history of the Mediterranean fruit fly, was caused more by 
insanitary conditions in the holds of ships than directly by fruit-fly 
larvas. It is more than likely that the oranges shipped from the Madeira 
Islands and the Azores to London contained fruit-fly punctures which 
greatly aided the blue mold in its destructive work. 

Statements made by the early writers and even repeated in the 
Hawaiian Islands at the present time, that citrous fruits drop as soon 
as punctured, are untrue. There is no such thing as a general shed- 
ding of fraits following puncturing of the rind. Oranges and grape- 
fruit have been known by the writers to hang on the tree from two to 
three months after they were first punctured. It is probable that the 
wholesale shedding of fruit recorded by others was caused by fungi or 
physiological troubles. 

Species of Drosophila and Bruchus may usually be found ovipositing 
ill breaks in the lind of Citrus made by the Mediterranean fruit fly. 
Their persistent attack, supplemented by decay fungi, causes an appre- 
ciable amount of decay in Hawaii. 

EFFECT OF ATTACK OF THE MEDITERRANEAN FRUIT FLY UPON 
CITROUS CROPS OF CALIFORNIA AND FLORIDA 

In the opening paragraph the writers made the statement that their 
investigations in, Hawaii have led them to believe that even if the Mediter- 
ranean fruit fly should be introduced into the citrous regions of the 
United States it would not become a serious pest to citrous fruits. In 
the 'Hawaiian Islands, especially in the lowlands, climatic conditions are 
more favorable for the rapid increase of the fruit fly than they are in 
any. section. of' the United States or of the 'Mediterranean regions where 
oranges are^ grown commercially. The monthly mean temperatures at' 
Honolulu, during 1912 and 1913' ranged from 69.6*^ to 79.2^ Dtiriiig 
the. hottest summer weather the fruit fly' requires a minimum of about. 
14X' days to. complete its life cycle from egg to adult. During ' late 
December, 1913, and January and early February, i9i'4, it "required 
many flies'; fully 47 days to reach maturity in common guavas (Psidkm 
During 'March and, April,. 1914, '.the fruit fly required, from 
. ..2.0 'to.'30'daysTo'''^pass'.ftom egg to^adult'.m half-ripe peaches , and itomraB ... 
.'to :40',dayS' '.inAemonS'.. ' In ' Bermuda during.. December'' and January,^' 
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when the monthly mean temperature normally ranges from 62.5'^ to 
64.8° F., the senior writer, with the kind assistance of Mr. E. J. Wortley, 
Director of Agriculture, Bermuda Agricultural Station, found that the 
length of the pupal stage was about 31 days, which would make the 
period for development from egg to adult about 58 days in favored 
hosts. In Honolulu the cold-storage experiments of the writers have 
shown that the fruit fly requires about 91 days to complete the same 
development at about 56^^ F. A temperature of 54*^ to 57° will not 
prevent adults from emerging from pupae in cold storage, although it 
lengthens the pupal stage from 8 days, a normal minimum required at 
Honolulu in warm weather, to 36 days. Very few eggs out of several 
hundred were able to hatch at a temperature of about 53® to 54°, while 
practically no eggs will hatch nor larvae mature at a temperature of 
50*^ F. A continued temperature ranging from 33^^ to 46^^^. will kill 
pupa^ and larvae, although both may be subjected to these temperatures 
for short periods without apparent injury. Freezing temperatures 
have proved generally fatal to both larvae and pup^. At 45® larvae are 
not able to pupate, although some, hardy specimens may become active 
and pupate if removed at the end of a month from this temperature to 
the normal Honolulu summer temperature. A total of 10,203 second 
and third instar larvae kept at a temperature varying from 42® to 46° 
w^ere all dead at the end of 45 days, except one third-instar larva which 
was probably moribund, while out of 10,959 second and third iiistar 
larv^ kept at a temperature varying from 33^^ to 38® none were alive 
after the seventeenth day. 

These data from the notes on file are given here to show that even the 
cool winter climate of the lowlands of Hawaii has a decided effect in 
checking the increase of the fruit fly, that temperatures as low as 56® F. 
greatly lengthen the life cycle, and that a temperature of 50° 'to 52° 
practically prevents eggs from hatching. Unfortunately no data are at 
hand on the effect of the teniperature varying above and below a mean 
temperature ranging from 50° to 53°* Certain deductions, however, 
can be made from known facts regarding the development of the fruit 
fly in the Mediterranean region, especially in southern Spain, France, 
Italy, and Sicily, that show that the fly does not multiply, or at least 
undergoes an extremely slow development, when the monthly mean 
temperatures range from 50° to 54®. During the spring and summer 
of 1913, Prof. H. J. Quayle, of the University of California, inyestigated 
the status of the fruit fly in the Mediterranean regions for the Bureau of 
Entomology/ and his observations bore out the contentions of the 
present Italian entomologists that the fruit fly is not a serious pest to 
Citrus in Spain and Italy. The fact that Prof. Quayk found no evidence 

* Quayle, H. J. ' Citms fmit insects in Mediterranean 'ctjuntries. U. S. 'Uept. ik,erv,,:Bul. 134, 33 p. , a fig., 
xo„pt 1914. 
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of infestation in oranges and lemons in Spain dtiriiig March or 

in soiitlieni Itah’ and in Sidl}^ diii'ing April, May, and early June is 
strong evidence that the fruit fly is prevented by the nieaii tempera™ 
tures prevailing in these countries from becoming a pest ditiiiig the 
winter and spring* months. Loqnats are a preferred host of the fruit 
fly, being badly attacked when flies are present, and the appearance of 
infested fruits is such that infestation is easily detected. IJven during 
July at Valencia, Spaifi, Prof. Quayle found but a slight infestation of 
peaches and overripe oranges. In Angiist, near Palenno, Italy, peaches 
were found badly infested, but lemons growing in the midst of peach 
trees were not infested. Reports indicate that in Spain and southern 
Italy the fruit fly may cause some damage to ripening oranges during- 
September and October, although this is slight and of short duration. 
Citrous fruits, especially oranges, are not usually pimcturecl by the 
female fruit fly until they are well grown and about to turn color, and 
the period of time is short after they reach this stage of ripeness until 
cool weather renders the fly sluggish. The season of the year, there- 
fore, when the bulk of the citrous crops are best suited for fruit-fly attack 
coincides with the season of inactivity of the fly due to lower tempera- 
tures. 

The mean monthly temperatures given in Table VI indicate that the 
Mediterranean fruit fly would find conditions in the citrous regions of 
Florida and California quite similar to those in Spain and Sicily. The 
Florida temperature, especially in the citrous regions of southern Florida, 
is decidedly above the winter means of those of California. Plowever, 
even if the temperatures were higher than they are, the writers feel that 
the fruit fly would assume a minor position as a citrous pest. The cool 
winter weather would have the same retarding effect upon develop- 
ment in California and Florida that it has in the European countries. 


Tabli5 VI . — Monthly mean temperakires in citrous regions 
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The. general effect of retarded development of the fruit fly due to cold 
weather is to increase the mortality among all stages. Even pupae are 
subject to an increasing rate of mortality the longer they are subjected 
to lower temperatures. Adults seem more able to withstand prolonged 
cold weather than any of the other stages. One individual was kept 
alive by daily feeding for months during a Hawaiian winter and 
spring. Ho^vever, during the cooler months the adults are more sluggish 
and fall more easily a prey to adverse climatic conditions, such as heavy 
winds and rains, and to predaceous insects. Mr. George Compere reports 
having seen adults sunning themselves on orange trees in Spain after a 
night during which the temperature dropped to freezing, thus showing 
that adults can withstand temporarily any cold snap likely to occur in a 
citrous section. However, the fact that adults do not succeed in thriving 
during the winter temperatures of southern vSpain and Italy and in 
Sicily seems to be well proved by the fact that it is only during the 
summer and early fall that the fruit fly becomes a serious pest in favored 
host fruits and in overripe citrous fruits. If this were not so, fruits 
would become badly infested much earlier in the season than they do. 
The number of adults surviving the winter must be very small. Even 
the mild winters of Hawaii at Honolulu have a very noticeable effect 
upon the numerical abundance of the adult flies, as shown by trap experi- 
ments extending over one full year. 

In addition to this beneficial effect of lower winter temperatures, both 
California and Florida growers will receive further protection as a result 
of the conditions surrounding the growing of Citrus as a commercial 
proposition. In the Hawaiian Islands, especially about Honolulu, citrous 
fruits are subjected to the most severe attack imaginable under field 
conditions. The3r are attacked over long periods by an abundance of 
fruit flies that mature in many host fruits ripening at intervals through- 
out the year on all sides of isolated citrous trees. The number of wild 
fruits in which the fruit fly can breed in the citrous regions of California 
and Florida is, in comparison with Hawaii, so extremely small that the fly 
would find conditions unfavorable for rapid increase, even if weather condi- 
tions were more favorable. In many instances large acreages of Citrus oc- 
cur where vegetation is normally decidedly stunted unless irrigation is prac- 
ticed. With the excellent work of the horticultural inspectors in California 
a reduction of the noncitrous host fruits in and about citrous groves is a 
practical proposition. Even near-by orchards of drupe fruits are not 
the menace that they seem to many, inasmuch as their crops are unsuit- 
able for fly attack except during short periods of the year. The very 
scarcity of vegetation that can not be destroyed which produces fruits 
subject to fruit-fly attack makes it possible to attach a far greater impor- 
„ tance in., California; and - Florida;- fhan , in the,, 'Hawaiian;, Tslands; 'do,''' the 
excessive mortality of the' fly discussed in thiS' paper. , , Tt has been 'shown. 
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that it takes repeated attacks to infest grapefruit, lemons, and oranges 
in Hawaii and that the pulp of these fruits is infested usually only after 
the fruits are very ripe; in fact, not until they become niiicli riper than 
commercially-grown oranges usually are allowed to become in either 
California or F'lorida, unless exception be made of such varieties as late 
Valencias. The relatively small number of adult fruit flies entering a 
block of citrous trees would find it very hard to establish themselves, 
since the numbers would be so insignificant as compared to the fruit 
surface suitable for oviposition that each female would be less likely to 
oviposit repeatedly in the same puncture. Her progeny would therefore 
meet with almost insurmountable difficulties in reaching the pulp. 

It lias been stated that in Hawaii citrous fruits' offer themselves for 
attack over several months and that they are not subject to serious 
attack until they have turned or are about to turn color. It is a well- 
known fact among horticulturists that in very equable climates the pulp 
of oranges may be ripe enough to eat while the rind is still very green. 
In Florida and California this is not so true. One has only to vivsit the 
packing houses in either State to be convinced that much fruit is gathered 
for the early trade in a semiripe condition, or at least wdien the rind is 
quite green in color. The writers feel safe in saying that market condi- 
tions are such that early fruit is placed on the market at the earliest 
possible moment, in order that high prices may be secured. The fear of 
unseasonable frost and freezes has made it difficult for those who have the 
interests of the citrous industry at heart to prevent the shipping of too 
green fruit. It would seem that with a reasonable expenditure of more 
care than labor, citrous groves in either Florida or California can be 
made so well protected from the Mediterranean fruit-fly attack that such 
few flies as enter them during the fall will find the early fruit, upon which 
they can work because of its degree of ripeness, picked before tliey are 
able to injure it to any extetit. The cold weather will protect the later 
fruit, by rendering the fruit flies inactive, and by the time the spring 
temperatures, become suitable 'for fly activity the bulk of the fruit will 
have been marketed and the numerical abmida,nce of the adult flies 
greatly lessened. , 

; .'.111 addition, if it becomes necesvsary, as a result of unfavorable condi- 
tions,' to .use artificial means of control, spraying with a cheap poisoned, 
bait will be a practical method of reducing the number of adultvS. If the 
writers under most adverse conditions can reduce by spraying the num- 
ber of adult fruit " flies'' over 50 per cent in one city block in Honolulu, 
into which it has been proved that adults are continually migrating, it is 
only reasonable to expect that the same good results as have been' 
.secured i.n,Soti'th',Afriea,' where fruit has been 'protected by spraying,, will 
" follow .'.spraying"',iii':- either' Florida'' or California^; .where ^ outside : sources'' of'.: 
..;infestation' eanfie 'SO easily, controlled. 
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CONCLUSION 

Citrons fruits are not the favored host 'fruits of the Mediterranean 
fruit fly (Ceratitis capitata Wied.) that the earlier writers thought. 
While grapefruit, oranges, lemons, and many limes may become quite 
badly infested with well-grown larvae if allowed to remain on the' tree 
long after they become sufficiently ripe for the market, nature has so 
well equipped them to withstand attack that larvm are seldom found in 
their 'pulp until they are much overripe. Oranges and grapefruit are 
generally eaten and found uninfested if gathered as they ripen. Indeed, 
in Honolulu, wffiere conditions are very favorable to early infestation of 
the pulp, owing to the excessive numbers of adult flies breeding in a 
large number of host fruits ripening in rapid succession, it is doubtful 
whether grapefruit, oranges, and lemons would ever become infested 
until long after becoming overripe if the female fly formed a fresh egg 
cavity for each batch of eggs deposited, for the reason that the eggs and 
the young larvae found in the egg cavity and in the rag of;the rind would' 
then be forced always to face well-nigh insurmountable difficulties. 
The oil of the cells ruptured in the formation of the egg cavities kills a 
large percentage of the eggs and newly-hatched larvce. Larvse that 
succeed in entering the rag from the egg cavity., are .able to reach the 
pulp in astonishingly small numbers because of the imperviousness of 
the , rag. It is only the persistent attack of successive lots of larv« 
hatching from different batches of eggs laid in the same puncture in 
which the oil has become inoperative that finally breaks down the barrier 
between the young larvae and the pulp. 

The Mediterranean fruit fly is quickly affected by low temperatures, 
A temperature of about 56® F. has lengthened the time required by the 
fly to pass from the egg to the adult stage from 14X to 91 days. A tem- 
perature ranging from 50*^ to 55®. F., will either seriously check devel- 
opment or kill large numbers of the immature stages of the fly. The 
winter monthly mean temperatures of California and Florida are so 
similar to those of the citrous regions of southern Spain and Italy and of 
Sicily that it isA:G be expected that the fruit fly,' if introduced to the 
mainland, would not become a serious pest ' to C'iS/mjr' spp: It happems 
that' the very cold temperature necessary to.. bring citrous crops tb that' 
degree of perfection in which they arc most susceptible' to 'fniit-fly 
attack likewise renders the fly so inactive or , sluggish that, it" may '''be. 
disregarded as a pest for that period of the year, 

' ‘In' addition' to '' the assistance of adverse 'climatic, conditions during 
' that part of the year when' they are most needed to protect '.citrous 
crop's,,' the growers of California and Florida are; still further protected—, 
and , most, admirably so— from "attack by. the very scarcity of wild " host 
fruits "that .can not ''be,'dest,roye'd.,,'':'.'It",will',,be„founda, 'practicable, .under-'' 
taking ■ to remove ■ , su.cli ' a ' number ,■ of nondtrouS' 'host, , plantS'' .at' 'presen.t, „ 
■ " emr— 15— 4 .,', ■ , . ... ^ 
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growing about commercial citrous orchards that the succession of fruits 
in which the Mediterranean fruit fly can breed during the large portion 
of the year when citrous fruits are unavailable for attack because of 
their greenness will be reduced to a minimum, if not entirely done away 
with. It is under conditions such as can be secured in Califomia and 
Florida that the excessive mortality occurring in the rind will become a 
valuable factor in preventing infestation or establishment of the pest, as 
each fruit will in reality become a trap for stray females. The scarcity 
of host fruits will also make spraying with poisoned baits a practical 
undertaking, should it become necessary to resort to artificial methods 
of control. 

Adverse climatic conditions at a season when citrous fruits are most 
susceptible to attack, solid plantings of Citrus in commercial orchards, 
a scarcity of noncitrous host fruits, the ease with which the fly can be 
reduced by spraying with poisoned baits, and the general practices fol- 
lowed in liaiwesting fruits make it possible for the citrous growers of 
California and Florida to rest assured that the discovery of the. Medi- 
terranean fmit fly in either State will not bring about the ruination of 
the industry. Its presence will be a constant menace, but it can be 
successfully fought. 
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■ PiATE XL.' ^ 

, 'Fig. : I,— Orange infested witli larvse of tlie Mediterranean fruit fly iCemtit'k capitatu). 
Note tliat'tke fruit looks sound, except'-about the-, irregular bole, t!irott,gh wliicli a-few 
wcdl-grcuTO !afvseJia\"e, already left the. fruit. ■ .Original, ' 

, , Fig. 2,"— .Ota,iige infested with iarvse-of tlie -Mediterranean friii.t fly (Ceratiiu capitaia)^ 
stio'wing two, breathing lioies of the larvae in the decayed area. Orig.i:iia!. ' 
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PLATE XU ' 

Cross section of shaddock No. z, showing; the thick,, kose texture of the rag, wtli:' 
darkened area above and to the right showing the channels made by well-grown 'Med- 
iterranean fruit-fly lar^^se. Original. 



PLATE XUI 

,, Fig. 1. "--Cross section of the, orange,. shown on Plate, XL* hgure 2. Note that in 
■ this' instance the larvae have brpttght- about; decay in only one section. ^ . Often many 
sections 'are thus affected in/ ■ ■■■Original, ■ ' 

..Fig, 2.— Orange eontamhig '87 punctures- in the rind. PliotogTaplied one month 
after being picked from the tree in. a ripe condition. ' Note that the rind about many 
■puncturesis.'SUttken' £is a result of' a dry black-rot. The p'lilp of this fruit wa.s perfectly. 
'Bound.,' Griginai. '■ 







PHYSIOLOGICAI, CHANGES IN SWEET POTATOES 

DURING STORAGE 


By Heinrich, Hasselbring and- L on A, Hawkins, Plant ' PhysMogisU,. Plant,-:' 

Physiological and Fermentation Investigations ^ Bureau of Plant Indmiry '' 

INTRODUCTION 

111 resting storage organs of plants growing in northern and in tem- 
perate regions, carbohydrate transformations involving the disappear- 
ance of reserve starch during the colder months and its temporary reap- 
pearance in spring have been found to be of general occurrence. The 
disappearance of starch from the cortex of trees in winter and its reap- 
pearance in early spring was first noted by Muller ( 1 877) / who believed the 
absence of starch in the cortex resulted from its migration into the wood: 
Russow's investigations (1882-83), which included the examination 
of a number of tropical and subtropical greenhouse plants, showed that 
the total or partial disappearance of starch from the cortex of woody 
plants in winter was a phenomenon of widespread occurrence. He found, 
however, that the starch did not migrate into the wood, as Miiller sup- 
posed, for when pieces of cortex chiseled from trunks of trees were kept 
at a temperature of 14® to 17® R, (17® to 21^ G.) starch grains began to 
reappear in 20 hours. In the tissues which were free from starch in win- 
ter he found oil and fats. He observed a correlation between the tem- 
perature and the disappearance and reappearance of starch, but since the 
processes occurred also in tropical plants in the greenhouse, he did not 
regard temperature changes or climatic conditions as the prime causes of 
the observed transformations. Eater Grebnitzky ( 1884) and Baranetzky 
(1884) showed that the starch of soft-wooded trees disappeared entirely from 
the wood, cortex, and rays in winter, and that oil appeared in its place, 
while ill hardwood trees the starch disappeared from the cortex, but per- 
sisted in the wood, Fischer (1891), in his extended investigations on the 
physiology of woody plants, fully confirmed the observations of Russow 
(x882-S3) , Grebmtzky ( 1 884), and Baranetzky (1884) regardingthe appear- 
ance of oil in place of starch in soft-wooded trees, and showed further that 
in hardwood trees glucose and tannin are present in the cortex after the 
disappearance of the starch, and that the glucose, but not the tannin, 
disappears when starch is regenerated. He found that the regeneration 
of starch takes place at a temperature only a few degrees above o® C. 
The minimum temperature at which he observed the regeneration of 
starch in twigs was about 5*^ C., while at 10^ to 20® the process went on 
very rapidly. 

1 Bibliographic citations in parentheses refer to Literature cited/' p. 341. 
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That the peiioclic transformation .of reser\^e starch is not restricted to 
the stem tissues of plants is shown by the observations of Habeiiandt 
(1876)5 of Mer (1876)5 and of Schulz (1888), who found that the starch 
disappears from ei^ergreeti leaves in temperate regions in winter^ while 
Habe,rkiidt and Scliiilz noted also that it was re-forined in spring. The 
most thorough investigation of the carbohydrate transforniations in ever- 
green leaves was made by Lklforss (1907), who found tliat the leaves of 
all evergreen plants in, cold countries, except aquatic plants, lose their 
starch in winter, sugar appearing in its place, and that starch is regen- 
erated in the leaves in February and March when the temperature scarcely 
rises above 5® C. 

That similar changes occur in the subterranean parts of perennial 
plants in 'te,mperate ' regions was shown by Rosenberg (1896), who 
observed the disappearance of starch after leaf fall in the subterranean 
parts of Spiraea tilmaria^ Scropkukina nodosa^ Plantago majof% Poieniilla 
argenfea^ and HepaUca triloba, but did not determine what substances 
appeared in its place. By far the most complete account of carbohydrate 
traxisfomations in dormant organs of this type is given by Muller- 
Thurgaii (1882) in his classical researches on the accumulation of sugar 
in the potato (Solamim tuberosum) and other plant organs,, at low tem- 
peratures. Mtiller-Tliurgau found that an accumulation of sugar ■ and a 
corresponding loss of starch occurred in potatoes kept at low temperatures 
(o*^ to 6^^ C.)^ while, contrary to popular opinion, no sugar is forined in 
potatoes which have been actually frozen. He found tliat when potatoes 
which had become sweet as a result of exposure to low temperature , are 
kept at a higher temperature (S® to 10° C.) the sugar disappears and the 
starch, increases. Furthermore, he showed that tite sugar formed con- 
sivSts mostly of reducing sugar with some cane sugar in the proportion of 
about 2.5 to, I, and that similar transformations occur in otlier parts of' 
plants. These phenomena am interpreted by Milller-Thurgait (1882) as 
follows: 

■ The. transformation of starch 'into sugar is an .enzymic process winch':, 
although' more rapid' at high temperatures, occurs also ,at 'low ^ tem- 
peratures. The respiratory activity which is almost at a standstill 
at . ' C.",' rises with the temperature so. that at higher temperatures 

an .increasingly greater amount '.of sugar ■ is consumed' by, respiration.' 
.,The , amount ' of sugar used ' in ■ respiration at' higher temperatures, is, 
.howeverw small compared with -that utilized by another process— i.' e., 
■'the;,, reformation, of ' starch, ■ from.- 'suga-r, which, -takes place - at .tempera- 
-,du-res''som,ewhat( above o®.-C. and 'increases in .speed with,': the, rise,„:'of 
temperature.; ,: Appleman (19,14) '■in.'Fis -studies on the rest period' 'of, the 
p-otatO'/'also Tind,s'--that the ,' carbohydrate changes-in, the-','d,orm'ant'- tubers 
are entirely dependent upon changes of temperature. It appears, there- 
\,.lore,;Thal;,,:the,-parbohydrate-tmn 
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sub temperate plant and not capable of long witlistanding temperatures 
much below freezing, resemble in their general trend those of subter- 
ranean organs of temperate plants. In the more strictly tropical sweet 
potato (Ipomoea batatas) carbohydrate transformations of a similar na- 
ture have been observed. Thus, Harrington (1895) found that in stored ' 
sweet potatoes there was an increase of the total amount of sugar up to 
March 6, be3^oiid which the experiments were not continued. Shiver 
(1901), whose experiments were somewhat more extensive, found that 
during the time of his experiments (up to April 17) there was a gradual 
decrease of starch and an increase of cane sugar, w^hile the invert sugar 
showed but slight fluctuations. Neither of these writers described the 
conditions under, which the potatoes were stored nor attempted to de- 
termine the effect of temperature on the metabolic changes. 

The storage of sweet potatoes is accompanied by considerable losses 
as a result of decay which is not wholly preventable by any of the methods 
of storage advocated at present. The decay is brought about by micro- 
organisms which invade the tissues. In the matter of susceptibility 
the internal changes in the roots must play an important part. These 
changes are affected by changes in temperature and other conditions to 
which the roots are subjected during storage. It is therefore a matter 
of practical importance, as well as of theoretical interest, to study the 
internal changes which take place in sweet-potato roots after harvest 
and during storage, and to determine the effect of external conditions 
upon such changes. The work reported in this paper is a general study 
of the carbohydrate metabolism of sweet potatoes stored at different 
temperatures, 

PLAN OF THE EXPERIMENTS : 

For the purpose of this work two varieties of sweet potatoes, the Jer- 
sey Big Stem, representing the sugary type, and the Southern Queen, 
representing the starch}^ type, were selected. The potatoes used in the 
experiments were a part of the general crop grown by the OflSce of Horti- 
cultural and Pomological Investigations during the summer of 1911 in 
a series of variety tests which had been continued for a number of years. 
At the time of harvesting, a representative lot of about 15 bushels of 
each of the two varieties was selected in the field and packed in slat 
crates holding about a bushel each. These were placed with the rest 
of the crop in the sweet-potato cellar of the Office of Horticultural and 
Pomological Investigations, where all were sutjeeted to the '‘sweating/' 
or curing, process. During the period of curing, the temperature of the 
room was kept at approximately 27° G. for about 10 days, after which 
it was allowed to drop to the regular storage temperature, ranging in 
this case, except near the end of the season, between 1 and 16.7'^ C. 
Nine crates of each variety were left in the cellar at the above-mentioned 
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temperature^ which was maintained by the aid of artificial heat when 
necessary. The remaining six crates of each variety were placed in a cold- 
storage room, which was kept at a fairly uniform temperature of 4® C., 
by means of circulating brine cooled by ice and salt. Thus, both the 
lot stored at the usual storage temperature and that placed in cold storage 
were submitted to the same preparatory curing process. In order to 
determine the carboiiydrate changes which occurred in tliese lots during 
the. season, samples were analyzed on the day tlie potatoes were dug 
and at intervals of about a month during the course of the experiment, 
from October to June. In these samples the water, starch, reducing 
sugar, and total sugar were determined. 

EXPERIMENTAL METHODS 

Sampling. — For each set of determinations, a random sample of 4 to 
5 kg. was taken. The roots were rapidly wasiied and wiped with a 
towel. When the surface had become entirely dry the roots were cut 
up as quickly as possible and ground in a power-driven meat grinder 
having a face plate with holes 3,2 mm. in diameter. ThC' operation of 
cutting and grinding required about 10 minutes. The mash thuS' 
obtained was thoroughly mixed on a glass plate and quartered twice. 
The final sample thus obtained was placed in a crystallizing dish and 
covered with a damp towel while the samples for sugar, starch, and 
moisture determinations were being weighed out. 

Moisture. — For the determination of moisture, samples of approxi- 
mately 10 gm. were transferred into tared weighing bottles and accu- 
rately weighed. The material was covered with 95 per cent alcohol, 
which was subsequently evaporated in vacuum desiccators containing 
sulphuric acid. The samples were then dried to their lowest weight in a 
. current of hydrogen in a vacuum oven -at 78^ C, The drying required 
15 to x8 hours, during which the bottles were weighed' three or four 
times. 

-Starch. — It was not ■ possible to make the starch determinations 
immediately. , Samples of 25 gm, correctly weiglied to 1 cm. were there-, 
fore '.transferred to Erlenmeyer flasks of 200 or 250 c. c. capacity and 
'.covered with 150,0. cLof 95 per, cent alcohol A little precif^tated 
calcium carbonate , was added to the flasks, which were then brought to 
the., boiling "'point .ill' a water ■ bath. ■■ .Subsequently the samples were 
washed with alcohol into tared porcelain extraction thimbles, 75 mm. 

' high and': 40 mm., in^ diameter, .with perforated, bottoms which' were' 
covered'with 'filter paper cut'' .to'' fit. ' Another. piece of 'filter .paper' was^ 
pressed down upon the material and held in place by means of a cotton 
'.■.plug. ■ :The.' thimbles', were "■ supported' well up in ' Soxhlet extractio'ii' ap-' 
paratus and extracted with.'.st'rong: '.alcohol: for '■12'': .hours.''' . '■ 
tion the cotton and filter paper were removed, and the thimbles were. 
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dried for 20 hours at 60° C. and subsequently were allowed to stand in 
the laboratory at least 48 hours, in order that the material might come 
to a state of moisture-equilibrium with the air. The thimbles were then 
weighed and the material was quantitatively transferred to a mortar and 
ground to a fine powder. The starch was determined as glucose by the 
acid-hydrolysis method (Wiley, H. W., et ah, 1908) in two accurately 
weighed fractions of this powder, each representing about one-half of the 
extracted residue before it v/as ground. 

Sugar. — For the determinations of sugar, samples of 25 gm. were 
washed into 250 c. c. volumetric flasks with enough neutral 70 per cent 
alcohol to bring the volume up to about 200 c. c. About i gm. of calcium 
carbonate was added to each flask. The flasks were then boiled in the 
water bath for 10 minutes and on the following day were cooled to 20° C, 
and filled to the mark. After being stoppered they were allowed to 
stand for a few days, during which they were occasionally shaken to insure 
uniformity of concentration of sugars in the solid and the liquid portions 
of the contents. The solutions were subsequently treated essentially 
according to the method described by Bryan, Given, and Straughn (191 1). 
Reducing sugars and total sugars were determined according to the 
method of Allihn (Wiley, H. W-, et al., 1908). The cane sugar w^as 
calculated from the difference between the total sugar and the reducing 
sugars. 

Temperature. — ^The temperature of the two storage rooms was 
recorded by thermographs. The curves obtained in the warm storage 
room were integrated with a planimeter to obtain the average weekly 
temperatures, which are given in Tables I and IL The average weekly 
temperatures for the cold-storage room were written down from inspec- 
tion of the records, since the tracings in this case were practically straight 
lines, 

EXPERIMENTAE BATA 

The data showing the seasonal changes in the composition of sweet 
potatoes stored in the fann cellar at a temperature varying mostly 
from 11.7® to 16.7^ G. are given in Table I. The percentages of car- 
bohydrates have all been referred to the original moisture content of 
the potatoes. The loss of solid matter by respiration had, of course, to 
be disregarded. The numbers expressing the total content of carbo- 
hydrates were obtained by the addition of the numbers representing the 
starch (as glucose) and the total sugars (as glucose). 
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Tabli-v I.' — Carbohydrate imnsformations in sweet potatoes stored in- the farm cellar 

BIG 


Bate. 

Water. 

vStarcli. 

Catie 

sugar. 

Reduc- 
ing 
sugar 
as glu- 
cose. 

Total 
sugar 
as glu- 
cose. 

'fotal 
carbo- 
hy- 
d rates 
as glu- 
cose. 

Gain or 
loss of 
starch 
(as glu- 
cose ).« 

Gain or 
loss of 
sugar 
(as glu- 
cose).® 

Aiwragc 
weekly tem- 
perature. 


P.cl. 

P. ci. 

P. cL 

P. d. 

P. cL 

P. (/. 

Gm. 

G-di. 

^C. 

ending-- 










( 26.7 

Oct. 30 


50 

19.07 

I, 90 

0. 90 

2.90 

24. 00 



1 21 . 7 

Nov. 6 





{ 16.7 

Nov. S3 

Noi’'. 

72 . 9 V> 

16.94 

' 3 * 51 


5. 02 

23. S 5 

36 

12 


Nov. so 




IS. 6 

Nov. 27 


71 . 89 

16. 42 

3 - 94 

1.40 

5. .55 

2.3. 79 

~ . «;8 

1 “ ' S 3 

iS.o 
. IS. 0 

Dec. 4 



Dec. IX 










18. 3 

Dec. 18 

Jan. 4 

7;*. 06 

.t6. 02 

4. .39 

. I. aS , 

5 - 90 

23. '70 

- ..}4 

"h . .35 

IS. 6 
I 4 ‘ 4 

Dec. 25 
Jan. I 










12. 8 

Jan. 8 










II. 7 

Jan. 1,5 

Feb. s 

7a. j8 

14. s t 

6. 06 

1. 67 

B. 04 

23. 71 


+ 2. 14 

12. a 
s6.i 

Jan. rjt 
Jan. 28 










IS* 0 

Feb. s 










11.7 

Feb. 12 

'M'ar. I 

7 T -97 

13. 09 

6. 96 

1.44' 

B. 76 

23.35 

-,t. 13 

■f , 7a 

6 12. 3 

16. 7 

Feb. 19 
Feb. s6 










1,4. 4 

Mar. 4 










IS. 0 

Mar. IS 

Mar. no. 

; 73* 02 

J 3.44 

6, 40 

1. 10 

7. 84 

22.77 1 

+ .39 

- .93 

15.0 

Mar. iS 

Mar. »6. 

i 




. s6. 1 

Mar. as 

1 72.49 

14.47 

5- 61 

.87 

6 . 77 

22, 8s 

'f I. 14 


x6. 1 

Apr. , 1 
'Apr. ' S 

Apr. i6 

18. 9 

72.87' 

14. 20 

6. 03 

..90 

7. 34 

23. 02 

— .30 

+ .47 

■ 16. 7 

Apr. IS 


i 







17.8, 

Apr, '23 








1 


30.6 

Apr, 29 








1 


18.9 

>fay 6 

Jtnie t. .... . .. 

72 . 45 

14. 6a 

.5. 85 

.87 

7.02 

2.3. 27 

j -i' . 47 

-..=2 

18. 9 
17. a 1 

May 13 
May 20 










21. 1 

May 27 








1 


, 21. 1 j 

June 3 


SOUTHISKN QVmt^ 


Oct. 33 ' 

71.69 

68. 41 

32. 09 

19. 87 

I. 19 

2.97 

0. 39 

•77 

1. 64 

3' 89 




26. 7 

Oct. 


Nov. 10 

25' 9 ^ 

-2. 

■47 

4 - 2.25 ‘ 

1 21.7 
\ 16. 7 

Nov. 

Nov. 

U 











i'6. 7 

Nov. 

ao 

Dec, 7 

67, 69 

I <>-30 

3« .50 

. 73 

4*45 

25.8s 


■ 63 

4 ' .53 ' 

1 5. 6 
15* 0, 

Nov. 

Dec. 

a '7 

4 











> 15.6 

Dec. 

IS, 











18.3 

.Dee. 

18 

Jan. II . . 






I 




IS' 6 i 

Dec. 

25 

67. 51 

19 * 7 S 

3* -53 

-75 

4 ' 4 <> 

26.41 

+ - 

■ SO 

-f .05 

14*4 

Jan. 

X 










12.8 

Jan. 

8 





* 






. 11. 7 

Jan. 

IS 

F'eb. 3 .. ' 










12.8 

Jan. 

aa 

',68.. 02 

19' sa 

: 3-05 

.60 

4' 75 

s6.'?x 




x6. 1 
. *5*0 

Jan. 

Feb. 

2B 

" S 















11. 7 ‘ 

Feb. 

w 

Feb. 28. 

68 , 00 

x 8 . 99 

4 ' 05 

•S 3 

4. 80 

25. 90 


. 26 j 

+ 'OS 

6 1'3, a 

Feb, 

19 



16. 7 

Feb. 

26 











14*4 

Mar. 

4 






i 





&iS*o 

Mar,' 

IX 

Apr. ' S. . , 










15.0 

Mat. 

18 

; 66.71 

ao. 3 S 

2.93 

. KQi 

' 3 - M 

a6. 72 


• 51 


x6.s 
x6- 1 

Mar. 

Apr, 

2gf 





I 











' 18.9 

Apr, 

8 











x6. 7 ' 

Apr. 

15 

May 4 ,.. 

69. 31 

* 9-73 

3‘39 

■ ’SI 

4 * 07 

26. 05 

- 

.63 

4 - .4^ 

, 17 * 8 ' 

ao. 6, 

Apr. 

Apr. 

22 

39 











x8. 9 

May 

6 












May 

13 

June A J , . 

48 . 1:5 

20. 15 , 

3.80 


3 *' SO 

35.89,,, 

4. 

.,41 

*57:.. 

. ,' X 7 ‘ * 

' ' ■ an ,1' 

'May 

May,' 

ao' 

37 












' J u'lie 

a. 


a,3>er' loo gm. of' raaterial. „ "b Record obtained for onij one day of thi® 'week. 
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The data in Table I show 'that under the conditions of this experi- 
ment the moisture content of the roots remains fairly constant. There 
iS' a' slight decrease in the moisture content, more marked in the 
Southern Queen than in the Big Stem variety, during the curing process, 
but on the whole there is comparatively little change in the percentage of 
moisture. The loss of moisture is probably compensated in part by the 
water formed by respiration, while the loss of substance by respiration 
would increase the relative moisture content, thus tending to conceal 
actual water lost. 

The percentage of starch shows a rather sudden decrease immediately 
after the potatoes are dug. The subsequent decrease is more gradual, and 
continues until a minimum is reached in March. After that time there is 
a continuous rise in the percentage of starch until the last date on which 
the potatoes were examined. 

Concomitant with the changes in the percentage of starch there is an 
inverse change in the percentage of sugar. Corresponding with the first 
sudden decrease of starch, there is an equally sudden increase in sugar. 
Later the increase in sugar content is more gradual, and reaches a maxi- 
mum at the time of the starch minimum. After the sugar content has 
reached a maximum there is a gradual decrease, which, however, is not 
as marked as the increase during the first part of the season. 

The course of the changes in the percentage of cane sugar follows that 
of the total sugar in both varieties, but in the Southern Queen the invert 
sugar after the initial rise shows an almost continuous decrease, whereas 
in the Big Stern the invert sugar content also shows a distinct maximum. 

The total carbohydrate content in both types remains fairly constant; 
consequently the numbers showing the loss (or gain) of starch between 
the successive dates of sampling show a fairly close agreement with those 
showing the corresponding gain (or loss) of total sugar. The aberrations 
are probably to be attributed partly to the loss of substance through 
respiration, but mostly to nonconformity of samples. 

The data showing the carbohydrate transformation in sweet potatoCvS 
stored at low temperatures (approximately 4"^ C.): are given in Table IL 


Tabi;ie 5 II . — Carhohydmte transformaiiom in sweet potatoes m cold storage 

BIO STBM, FIRST LOT « 


— 






Total 
carbo- 
hy- 
drates 
as glu- 
cose. 

■” . 


, 



Bate. 

! 

Water. 

Starch, 

Cajie 

sugar. 

Reduc- 
ing 
sugar 
as glu- 
cose. 

Total 
sugar 
as glu- 
cose. 

Gain or 
loss of 
starch, 
(as glu- 
cose). d 

Gain or 
loss of 
sugar 
(as glu- 
cose).& 


Average 
weekly tem- 
perature. 












Week ' 


'P. cL'" 

P,ei, \ 

P, cl. 

P. ct. 

P.ct. 

P. ct. 

Gm . 

Gm . 



endings 










f 

7 . 8 '. 

Oct. 23 

rTov, ' . ' . ' ' . 

7 a. 99 

16 . 94 ! 

3 ‘ 

■ ■ X. 3 » 

5*02 

23 *SS 



1 

■7.2 

Oct.' 30 
Nov. ,6' 






1 

■: 5-d 










( 

■S*d'' 

Nov. 13' 











■ 4 * 4 ' 

Nov. '20 

Bee. 9 .. 



6. 46 

3.02 

8.8a 

, .33* dr 

—4.03 

■+3.'So 

[ 

4-4 

'Nov. SI? 








4.4 

Dec. 4 










1 

3- 9'"'. 

Dec, II 

Bee, ai,'. , , . i , .j 

70. 77" 

' ' 10. $0:j 

' ■ 7^ 3$ 

x..i 5 o ■ 



'—3.79: 

■f .49 

{ 

' 3 * '3 
2.8 

Dec. sS 


Dec. 35 


figures are air cakiilated'for the ori'gmal water the roots, 73.50 per ce»t. 
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Tabi;E 11 . ''-Carbohydrate transformations in sweet potatoes in cold storage — Contiiittecl 

BJG STSM, SECOND 


Date. 

Water. 

Starcla. 

Caxie 

sugar. 

Reduc- 
ing 
sugar 
as glu- 
cose. 

Total 
sugar 
as glu- 
cose. 

Total 
carbo- 
hy- 
drates 
as glu- 
cose. 

Gain or 
loss of 
starch 
(as glu- 
cose). 

Gain or 
loss of 
sugar 
(as glu- 
cose). 

Average 
weekly tem- 
perature. 


P. cL 
72. 19 

73-32 

P.cL 

12.99 

9 - 74 

P. ct 

6.41 

8. 74 

P. cL 

1. 6s 
2.44 

P. ci. 
8*39 
XI. 64 

P.cL 
22. 83 
22. 47 

Gm. 

Gni. 

'“C. 

Week 
ending — 

Apr. 3Q 

—3. 6x 

+ 3 - 25 




SOUtHERN QUEEN & 


1 

1 


i 

! 




1 



Oct, ej 

1 

1 68. 41 

19.87 

3.97 

0. 77 

3 - 89 

25-96 1 



1 7.2 

Oct. 30 
Nov. 6 




] 5-6 










1 .5.6 

Nov. xj 

I 

1 


i 






f 4.4 

Nov. 20 

Dec. S 

i 66. 77 

X7-40 

S -93 , 

•59 

6.83 

26. x6 

~3. 74 

-J'2. 94 

1 4.4 

1 4.4 

1 3-9 

Nov. 27 
Dec. 4 
Dec. tt 


Dec. 22. ■. . . , . ■ 

67. 57 

26.48 

6.94 

.65 

7- 96 

26. 28 

— r. oa 

4-1.13 

i 

/ 3-3 

\ 2.S 

Dec. tB 
Dec. as 


i 

1 



o The figures are all calculated for the original water content of the roots, 73.50 per cent. 
& The figures are all calculated for the original water content of the roots, 71.69 per cent. 


In these experiments three lots of potatoes were used. One lot of 
the Big Stem and one of the Southern Queen were placed in cold storage 
immediately after they had been cured. Another lot of the Big Stem 
variety*which had been kept in warm storage until March 27 was placed 
in cold storage on that date. The cold-storage experiments were of 
short duration, since the potatoes invariably rotted after having been 
kept at the low temperature for about six weeks. 

These data show that at low temperatures the disappearance ' of 
starch and the accumulation of sugar in sweet potatoes take place more 
rapidly and proceed to a greater extent than at high temperatures. 
As to the relative proportion of the individual sugars, the two types of 
potatoes seem to differ somewhat. In both types the cane-sugar con- 
tent is markedly higher in cold than in warm, storage. In the Big Stem 
sweet potatoes the invert-sugar content also is higher in cold storage, 
but in the Southern Queen the invert-sugar content is no higher in cold 
than in warm storage. ■ In general, cane, sugar is the chief product 
which ■ accumulates at, low temperatures. The total carbohydrate con- 
tent, with one exception, remains fairly constant, and the increase .of 
sugar accounts for the loss of starch. The exception, mentioned .is the 
discrepancybetween the loss of starch and the gain of sugar, in the Big 
■Stem '.potatoes' during the' interval from December 9 to December '21, 
The only explanations that can at present' be 'Suggested for this discrep- 
ancy are either that after long exposure, to , low temperatures .the various 
phases, in -the,,' process of ■'t.he' 'transformation' of' starch into,',' sugar ■.'are 
influenced in such a way that intermediate , products which escape detec- ' 
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tion by the analytical methods employed accumulate to a greater extent 
than usual; or, inasmuch as many of the potatoes showed small rotten 
spots at the time of the last sampling, it is possible that although these 
were cut out and the flesh appeared otherwivSe entirely sound, the 
enzyms secreted by the fungus had brought about a partial transforma- 
tion of starch beyond the zone actually invaded by the mycelium, 

DISCUSSION OF RBvSUbTS 

A striking fact brought out in the tables is the high starch content 
and the low sugar content of the sweet potato immediately after har- 
vesting. A number of analyses, not here reported, of potatoes dug at 
different times also showed that freshly dug potatoes contain only small 
quantities of sugar. However, as soon as the potatoes are dug, a rapid 
transformation of starch into sugar takes place. A number of experi- 
rnents not given here showed that this sudden transformation of carbo- 
hydrates takes place over a wide range of temperatures and that even at 
30^ C. the process is so rapid that sugar accumulates in excess of the quan- 
tity used in respiration, while at any subsequent period the accumulated 
sugar diminishes at that temperature as a result of respiration. This 
initial transformation is in such striking contrast with the later less rapid 
transformation that the two may almost be considered as distinct phases 
in the carbohydrate metabolism of the roots. It appears that during 
the period of active growth processes occur which prcA^ent the accumula- 
tion of sugar in the roots. The elaborated materials from the leaves are 
almost wholly transformed into starch. The reverse process, which takes 
place as soon as the potatoes are dug, seems to be associated with the 
cessation of the flow of materials from the vines to the roots. The influx 
of materials from the vines therefore seems to determine the direction, 
of the carbohydrate transformation in the growing roots. 

Subsequent to the initial period, the carbohydrate transformations in 
the sweet potato are greatly influenced by temperature. In warm storage 
there is a continual accumulation of sugar in excess of the quantity used 
for respiration during the first part of the storage period. The corre- 
sponding disappearance of starch leaves no doubt as to the source of the 
sugar. 

During the latter part of the season the process is apparently reversed. 
The increase in the percentage of starch and the decrease in the percentage 
of sugar during this period suggests that during the latter half of the 
storage season a re -formation of starch takes place, such as has been ob- 
served in twigs and woody stems and in the tubers of the common potato. 

It should be noted, however, that increased respiration during the latter 
half of the season, during which the temperature of the storage room rose 
gradually, may:account for .the loss of' sugar. ■ .However, .the constancy of' 
the total .carbohydrates and thelhcfease.^.in;'t.he' percen.tage.'..of ' :Stareh.;seem^^ 
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to show that there is atr actual transformation of sugar to starch during 
this period. In a general way the . course of the carbohydrate transforma- 
tions i.n sweet potatoes seems to be correlated with the seasonal varia- 
tion in the temperature of the storage room."’ That the temperature may 
be the controlling factor in detenniuing the direction of the carbohydrate 
transformation is shown by the continuous transformation of starch into 
sugar in the sweet potato as well as in other storage organs of plants at 
low temperatures and the reversion of the process at higher temperatures. 
Further experimentation is necessary, however, in order to determine 
whether temperature is the sole controlling factor. 

In some respects the beha\dor of the sweet potato is in marked contrast 
to the behavior of resting storage organs of plants of temperate regions. 
In general, it has been found that the accumulation of sugar as a result 
of starch transformation ceases at temperatures only a few degrees above 
o® C. Thus, Fischer (1891) found that in the cortex of trees the regenera- 
tion, of starch takes place at a temperature a few degrees above o® C., 
while Miiller-Thtirgau (1882) found that in the common potato the accu-< 
mulation of sugar practically ceases at 8° C. In the sweet potato a rapid 
transformation of starch into sugar in excess of the quantity used for 
respiration' takes place in freshly dug potatoes at temperatures as high as 
30® C. At later periods a marked accumulation of sugar takes place in 
the sweet potato at temperatures much higher than those at which the 
accumulation of sugar ordinarily ceases in resting storage organs.^ 

The sw’-eet-potato roots exhibit a further peculiarity with respect to 
the quantitative relations of the substances formed by the conversion 
of starch. With the exception of soft-wooded trees, where oil results 
from the conversion of starch, reducing sugars have been obsen^ed as 
the most 'Usual and most abimdant products resulting from starch 
transformation in resting storage organs. In the common potato 
Muller-Thurgau (1877) found that cane sugar is present together with 
glucose in the proportion of i part of cane sugar to 2.5 parts of glucose, 
■while Appleman (1914) reports in potatoes kept at a temperature around 
0° C. for 2}{ months 3.94 per cent of total sugar and 2.40 per cent of 
reducing sugar. In the sweet potato cane sugar is, the principal product 
■formed by.' tiie conversion of starch, ' while the quantit}'^ of reducing 
sugar is small. In warm storage the cane-sugar' content of the Big 
Stem', sweet potatoes. re,ached 6.96 per cent ' and that of the Southern 
Queen 4.05 per .cent, ..while the maximum . reducing sugar contents were, 
respectively, ■ 1.67. and ,0.77 per cent. ' In cold storage ' the, cane-sugar 
content of ■■' the ' two types' rose to ■8..74.and 6.94 per cent, ■ respectively , 
w''hile The'';niammum;' red sugar content in .the 'two , cases 'was ■2.44' 

^■^iie^ transitory soliitioa initiating: .the ■process of ti^uosicK^atioa 'o^starcil, iii' and in',' the '.storage 

,, organs of .plants ahont to ,resimie''activ,e;growth^,.of'cdi^^^ takes place: at 'higlier.t'emperatiix'es. 'This'.^iirocess^ 
seeais' to be^ somewhat'different in 'its nature from 'the 'solution' of 'starch in^ resting 'atorage^ organs as aresult 
of asposureto' low temperatures.,' ' , ■ , ■ 
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and 0-77 cent, the invert sugar content of the vSoiithem Queen 
having shown no increase in cold-storage. In all cases the proportion 
was approximately 4 to 5 parts of cane sugar to i of reducing sugar. 

SUMMARY 

During its growth the sweet-potato root is characterized by a very low 
sugar content. The reserve materials from the vines are almost wholly 
deposited as starch. 

Immediately after the roots are harvested there occurs a rapid trans- 
formation of starch into cane sugar and reducing sugars. This initial 
transformation seems to be due to internal causes and is largely inde- 
pendent of external conditions. Even at a temperature of 30° C. both 
cane sugar and reducing sugars accumulate during this initial period 
in excess of the quantity used in respiration, ivhile during subsequent 
periods the quantity of reducing sugar diminishes at that temperature 
as a result of respiration. These initial changes seem to be associated 
with the cessation of the flow of materials from the vines. 

In sweet potatoes stored at a temperature of 11.7® to 16.7® C, the 
moisture content remains fairly constant. There is a gradual disappear- 
ance of starch during the first of the season (October to March) and 
probably a re-formation of starch accompanied by a disappearance of 
cane sugar during the latter part of the season (March to June). The 
changes in reducing sugar are less marked than those in cane sugar. 
The changes in starch and cane sugar appear in a general way to be 
correlated with the seasonal changes in the temperature. 

In sweet potatoes kept in cold storage (4° C.) there is a rapid dis- 
appearance of the starch and an accompanying increase in cane sugar. 
These changes do not attain a state of equilibrium at that temperature, 
as the sweet potatoes invariably rot by the action of fungi before the 
changes have reached their maximum. At both high and low tem- 
peratures cane sugar is the chief product formed by the conversion of 
starch in the sweet potato. The quantity of invert sugar in the root at 
any time is comparatively small.. ■ 
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THREE-CORNERED ALFALFA HOPPER 

By V. L. WiLDERMUTH, 

Entomological Assistant, Cereal and Forage Insect Investigations, 

Bureau of Entomology 

INTRODUCTION 

The small triangular insect of the hemipterous family Membracidae on 
which this paper is based was first noted and described as Membracis 
fesiina by Thomas Say in 1831 (i);^ and in 1869 Stfil (2, 3) referred it 
to the genus Stictocephala. Since that time it has frequently been noted 
by entomological writers, who usually merely mentioned its occurrence 
in a new locality or repeated what had already been observed. In 1888 
this insect was first noted in literature as being injurious (4). However, 
the species was not generally considered of economic importance until 
the winter of 1910, when Prof. Herbert Osborn, in a paper (ii) read 
before the American Association of Economic Entomologists, called 
attention to the economic habits of the genus Stictocephala and gave 
special attention to the species 5 . festina and its economic relation to 
alfalfa and clover. 

Prof. Osborn in his paper stated that little or nothing was known of 
the life history and habits of the species. It is the purpose of this paper 
to give a report of the same, together with other related data, as collected 
by the writer, assisted by Messrs. R. N. Wilson and T. Scott Wilson at 
Tempe, Ariz., and by^Mr. Edmund H. Gibson at Greenwood, Miss. 

SPECIFIC IDENTITY OF THE THREE-CORNERED AEFALFA HOPPER 

The name three-cornered alfalfa hopper,'^ adopted for this insect 
because it is the common term applied to it by farmers throughout areas 
of heavy infestation, is applicable to both Say^s (i) Stictocephala festina 
and Van Duzee’s (10) Stictocephala festina^ var. rufimtta. On several 
occasions Mr. Otto Heidemann has determined a few specimens as S. 
festina, -VRT. fufimtta, 2.mong material sent to the Bureau of Entomology 
for identification. As these were secured both by Mr. Gibson in Tennes- 
see and Mississippi and by the writer in Arizona, one is led to believe that 
the species and the so-called variety occur rather generally together. 
Since Van Duzee (10) bases his description of the nifivitta variety upon 
male specimens only, and since only male specimens among hundreds 
examined have exhibited the determining character— namely, that 
'‘ the dorsal carinae are not evanescent before their point of meeting the 

r 'Referencels mMe by number tO'^miterattire cited/V p. 362. V' 
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posterior carins,” both the writer and Mr. Gibson, who has made 
many observations on this point, feel that this variety has been founded 
on too slender grounds. 

Van Duzee’s variety angtdata has never been taken. 

DISTRIBUTION 

Osbom, in his paper (ii) on the genus Stictocephala, points out that 
5. festina has a wide distribution and is found throughout the southern 
and southwestern United States. It is certain that in these sections it 
occurs in the greatest abundance, but its range is not limited to them. 
(See fig. I.) Say (i) described the species from specimens secured in 
Florida. In 1889 Provancher (5) reported the species in Ottawa, 
Canada, and in 1890 Smith (6) gave New Jersey as a new locality. Later 



than this (1894) F. W. Coding (8) gave the following localities: Virginia, 
Pennsylvania, Georgia, Florida, Missouri, Texas, Iowa, Montana, and 
Colorado (Riley); New York and Connecticut (Van Duzee); New Jersey 
(Smith); Canada (Provancher). That the species occurs in very lim- 
ited numbers in the northern half of the United States is certain. 
Osbom found in his travels of 1909 and 1910 that S. lutea has a southern 
boundary agreeing quite well with the northern boundary of S. festina. 
The writer had the pleasure of examining alfalfa sweepings made by 
Mr. R. N. Wilson at 12 different localities in Colorado and Utah during 
the summer nf 1911, and although several species of Membracidae were 
represented in the collections, not one specimen of 5 . festina was present. 

The writer has observed the species in abundance throughout the South- 
western States, and found it injuring alfalfa {Medicago satim) at Yuma, 
Tucson, Casa Grande, Tempe, Phoenix, Buckeye, and (ilendale, Ariz. , while 
Mr. R. N. Wilson reported it in alfalfa sweepings at Sacatoa, Ariz., a region 
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isolated' by"" a desert from any other cultivated area. Specimens were 
taken'by :the writer at Bard, Cal,, another region remote from cultivated 
areas, '^"'Throughout the Imperial Valley in southern California the 
alfalfa hoppers were found in injurious abundance, while in Mexico, in the 
peninsula:,; of Lower California, the pest was taken in numbers, ' In 1912 
and '.iprfnMr. Edmund H. Gibson found the species well distributed 
throughout the States of Mississippi and Tennessee and in several locali- 
ties in Alabama, as well as at Atlanta, Ga. 

UFFECl' OF altitude ON DISTRIBUTION 

It is .cjuite interesting to note herd that in Arizona and New^ Mexico the 
species is distinctly one inhabiting lower altitudes. During the summer 
of 1913 a great many observations were made on this point. The highest 
point, to the writer’s knowledge, at which it has been taken is Fairbank, 
Ariz., where, at an altitude of 3,868 feet, on September 4, 1913, Mr, Harry 
Newton, then an agent of the Bureau of Entomology, found both nymphs 
and adults to be quite common on alfalfa. The writer made sweepings at 
Raton, Cimarron, and Las Vegas, N. Mex., all at an altitude above 5,000 
feet, and while many alfalfa insects common in lower altitudes were 
taken, not a specimen of Stictocephala was secured. At Ute Park, Taos, 
Bmbudo, Bluewater, and Gallup, N. Mex., localities ranging in altitude 
from 5,000 to 8,000 feet, Mr. J. R. Sandige made sweepings from alfalfa 
and likewise failed to take a single specimen of Stictocephala, although it 
is known to occur in lower altitudes in the State. Possibly the most 
striking observations were those of Mr. R. N. Wilson, made while on a 
trip through Arizona for the express purpose of securing records on this 
species. He visited points varying in altitude from 2,000 to 7,000 feet, 
but never found the species above about 3,000 feet. His note, made 0x1 
August 25, 1913, giving a summary of the trip, is as follows: 

The ‘writer returned to-day from a trip over part of Arizona, including stops at Pres- 
cott, Camp Verde, Williams, Show Low, Pinetop, White River, and Gila River Valley 
points from Rice to Solomonsville and Miami. Special alfalfa sweepings were made at 
each of the above-mentioned places to determine whether or not Stictocephala festina 
occttixed in that locality. The highest altitude at which the species was found was 
3,000 feet, at Camp Verde. Altitudes varying from this to 7,000 feet were examined, 
but no trace of S. festina was found. When Rice was reached , where the altitude is only 
2,5oofeet, this species was again found in numbers, and all the way up the Gila River 
Valley to Solomonsville (altitude 2,985 feet) the Stictocephala were very common. 

POOD PLANTS 

The alfalfa hopper lives on a great variety of food plants. Its general dis- 
tribution and the fact that it is found in such isolated places under cultiva- 
tion are doubtless due to the wide range of its food habits and probably, 
also,, to the presence of native leguminous plants upon which, in all prob- 
ability, it lives. Its favorite foods without a doubt belong to the legume 
family, for it is particularly fond of alfalfa, cowpeas CFf^wa wnetim) , and 
the various clovers, but it has also been found feeding upon trees, shrubs, 
herbs, and grasses. , 

" , The earliest ', recorded food plant is the tomato,', which' in '1888 . was ' 
reported by Dr. Oemler'', (4)', as being" injured by this species'. ;' /The 'next ', 
''record 'we, have is Prof. /CockerelPs'T9);'in 1899,' when', /he, .'reported /the'" 
' hopper 'as f ee,ciing' on ■ alfalfa. He ' also, mentions' its occurrence:'' on.'almon^ ' ■■ 
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trees, but does not say whether it was feeding thereon or not. Prof. 
Osborn (ii) reported it in 1910 as feeding upon both alfalfa and clover. 
The writer has found the species feeding as well as breeding on Bermuda 
grass (Capriola dactylon), Johnson grass {Sorghum halepense), wheat 
{Triticum spp.), barley (Hordeum sativum), oats {Avena satim), bur 
clover {Medicago denticulata), yellow sweet clover (Melilotus officinalis), 
and alfalfa, which, as has been stated, is its principal food plant. 

Mr. T. Scott Wilson took specimens feeding on soy bean {Glycine- 
hispida) at Sacaton, Ariz., and Mr. Edmund H. Gibson, besides reporting 
the species as feeding upon alfalfa, also finds it feeding upon vetch and 
Hordeum murinum at Tempe, Ariz., and upon red clover and cowpeas at 
Greenwood, Miss., and in fact doing its greatest damage to the last- 
named plant. Dr. A. W. Morrill, State Entomologist of Arizona, has 
found the insect feeding upon beans and in some instances proving a pest 
to that plant. Late in the season one finds the insect resting upon many 
varieties of plants, but whether feeding on all these is unknown. Mr. 
R. N. Wilson found it upon the following plants : Sunflower, upon which 
it was doubtless feeding; cocklebur; Atriplex irumata; Erigeron cana- 
densis and Eriger on mesquite and cottonwood, feeding on the former; 

Sporobolus air aides, and Trichlaris mendocina. 

DESCRIPTION OF THE THREE-CORNERED ALFALFA HOPPER 

THE ADULT 

The adults (PI. XLIII, fig. i) are about 6.16 mm. long and light green 
in color. The accompanying table of measurements (Table I) made by 
Mr. Gibson shows that the males are slightly smaller than the females. 

Table I . — Length of live adults of the three-cornered alfalfa hopper 



Average length of lo adults, 5 males and 5 females, is 6.16 nim. 


The males have a reddish line down the dorsum of the prothoracic 
shield. This marking, being absent in the female, is a sex character by 
which mature males and females are quite readily distinguishable. The 
insects are tiiangxdar in shape, presenting a broad solid aspect when 
viewed from the front (PI. XLIII, fig. i,b). Thefollowingoriginalde- 
scription, made by Thomas Say (i) in 1831, was evidently made from 
male specimens, because, as is mentioned above, the females do not have 
the“carina tinged with rufous.” 

Thorax witli a subacute line each side befoce, meeting behind the middle. 
■inhabits^Florida. ' . : 
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Body yellowisli-greeii: thorax unarmed, carinate behind; at tip attemiated, subu- 
late and complying with the general curvature; each side before a carinate line, 
meeting together," at the carina behind the middle, with the carina tinged with rufous; 
front of the thorax not altogether flat, but a little convex; hemelytra, tiiree terminal 
cellules unequal; the two costal ones equal, as broad as long; tlie inner one not 
obviously' larger tlian the others t^ether, somewhat longer than broad. I^ength to 
tip of hemelytra one fifth of inch. The lateral prominent lines of the unarmed thorax, 
sepaX'ate- this; species from all those I have described excepting goniphera, which, 
meet before the middle of the length of the back. 

THE EGG 

The egg' (PI. XTIII, fig. 2, b) is about i mm. (0.9 to 1.3 mm.) long and 
0.35 mm. ,(0.25 to 0.4 mm.) in diameter. It is white, rather oblong, 
slightly larger at one end, and with a greater curve on one side. The 
surface is smooth, except a portion on the larger end which is regularly 
covered with small papillae. 

THE NYMPH 

The nymphs are the same general shape as the adults, but instead of 
having the prothoracic shield as a body covering, they are regularly 
covered with prominent projections, spines, and hairs. There is one 
dorsal pair of these projections on the head, four pairs on the thorax, 
and seven pairs on the abdomen, the posterior pair on the anal segment 
being mtich reduced in size. 

T&ir general color is as follows: Head and thorax very light straw. 
Eyes with margin white and center cologne earth. Antemise white. 
Thorax with a regular cologne-earth patch on each side, widest on the 
mesothorax, where it reaches the darkest shade. Tegs white, except tip 
of last tarsal joint, which is dark brown. Abdomen white, approaching 
light gjreen, owing to food material within, with the irregular dark spot 
of the thorax extending narrowly across the first segment, widening 
greatly on segments 2, 3, and 4, and showing only on the posterior margin 
of the fifth, being widest on the posterior margin of segments 3 and 4. 
Anal segment light-straw color at extreme end. 

Ti:ie different nymphal stages, of which there are five, are the same in 
general appearance, except that the main dorsal projections in the first 
stagp have only one subspine, while in the second and remaining stages 
there are numerous branches. A second difference is the growth pos- 
teriorly of the prothoracic shield and the appearance of wing pads in the 
last three stages. These two differences, with the increase in the size of 
the body and the general darkening of colors in each successive stage, 
enable one to recognize any of the different stages. 

description OF INBIVIDUAr stages 

Stage I (PL XLIII, fig- 2, a). — Length, 1,6 mm. ( 1.4 to i .7 mm.), average of 10 speci- 
mens. Head, thorax, abdomen, and ail appendages pale when first born. After 
feeding the abdomen takes on straw color and the cologne-earth patch of the thorax 
becomes faintly visible. Eyes white. Twelve pairs of dorsal hairlike, projections with 
one upright spine. One pair on head, four on thorax (two on prothorax, one each on 
inesothorax and metathorax), and seven on abdomen. Spines colorless, pale. Body 
regularly but sparingly covered with spines, conspicuous and large compared to size 
..of body. 

, ' Stage .II (PL XEIII, fig. '3). — Len^, 2.1 mm, (1.9 to 2.5^^ mm.), average of lo", speci- 
mens. Head, thorax, abdomen, and appendages light straw colored. The cologne- 
earth patch of the thorax becomes more pronounced and extends back ontO' the abdo- 
men. ' Eyes in this and aucceedingatages 'with white margin andhrown" center. ■ .'The;' 
., dorsal projections have, become fleshy 'and bear sever.al lateralspines, rfie uptight . spine. 
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being reduced in iengtla. Otlier body spines mucli more iiumerous than in first stage, 
b'iitreduced in proportionate size. 

Stage III (Pi. XLIII, fig. 4). — Length, 2.9 mm. (2.6 to 3 mm.), average of 10 speci- 
mens, Head, thorax, abdomen, and appendages dark straw color, cologne-earth patch 
in some specimens especially pronounced. Dorsal projections more tlesliy and com 
taining a greater number of lateral spines. Prothoracic shield beginning to develop. 
Wing pads faintly visible. 

vStage I¥ (PL XLIII, fig. s).-— Length, 3,8 xnm. (3.5 to 4.1 mm.), average of to specL 
mens. Head, thorax, abdomen, and appendages greenish straw color. Dark patch 
on thorax and abdomen becoming dark brown, almost black. The color varies 
greatly, however, some specimens being light green and others very dark throughout 
the stage. Dorsal projections in this and fifth stage quite fiesliy, lateral spines numer- 
ous. Prothoracic shield with posterior projection extending nearly to end of thorax. 
Wing pads clearly defined. 

Stage V (PL XLIII, fig. 6). — Length, 4.8 mm. (4.5 to 5 mm.), average of xo speci- 
mens. Color same as in &age IV, about the only difference between this stage and 
Stage. IV being the enlarged size. Point of prothoracic shield extending over the 
first segment of the abdomen and wing pads extending to posterior part of second 
abdominal segment. 

LIFE HISTORY AND HABITS 

The observations on the three-cornered alfalfa hopper have been car- 
ried through two years and parts of two others at Tempe, iAriz., and 

through one entire year at Greenwood, Miss. The results, therefore, have 
been secured under widely differing conditions, the former place being in 
a hot, semiarid country with an annual rainfall of about 8 inches, while 
the latter is in a warm, humid country with an average annual rainfall of 
nearly 50 inches. 

In the Salt River Valley of Arizona much difficulty was experienced in 
securing life-history records during the months of June, July, and August, 
because of the excessive heat. In order to have the specimens under 
close observation, it was, of course, necessary to confine them in cages 
under more or less artificial conditions, and under such conditions the 
death rate among nymphs was very high. The combined lengths of the 
egg and njunphal stages under Arizona conditions varied with the tem- 
perature, being from 35 to 114 days, with an average of about 50 days 
for all conditions. In Mississippi Mr. Gibson found that a much shorter 
period was required. Here the variation, as shown by observations on 
a much smaller number of specimens, was from 26 to 37 days. Rec- 
ords of a larger number of specimens would doubtless have given a wider 
variation. 

EGG stage 

In Arizona the egg stage varies from a minimum of 12 days to a maxi- 
mum of 41 days, this variation depending upofi the prevailing tempera- 
ture. The average for all records is 22 days. As may be seen in Table 
II, dunng an average mean temperature of 59° F. the time required for 
incubation varied from 33 to 43 days. At a mean temperature of 63° 
the variation was from 23 to 30 days, while with a mean temperature of 
about 85° the eggs hatched in a period ranging from 12 to 17 days. 
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Table' II. — 'Length of the egg stage of the three-cornered alfalfa hopper at Tempo, Ariz.^ 

in igX2; host, alfalfa 


Cage No. 

Eggs laid. 

Eggs batched. 

Date. 

Num- 

ber. 

Date. 

Num- 

ber. 

y , 

Feb, 6 

2 

Mar. 7 

2 



6 

I 

7 

I 




Apr. 22 

2 



Mar. 19 

^^Many. 

23 

25 

I 

I 




,May I 

6 




'Apr 25 

2 




26 

4 


22 

Many. 

27 

3 




May I 

3 




2 

4 

16 . ' 

Apr. 9 

Many. 

3 

5 

1 * 

I 




3 

4 




4 

0 




S 

2 

17 * 

10 

Many. 

6 

7 

4 

2 




8 

3 


[ 


9 

I 




V 10 

2 i 

i 

i 


[June 5 

28 


1 May 24 

Many. 

5 

^5 

49 




l 8 

12 





3 

25**: 

25 

Many. 


13 

4 




[ 10 

I 




fjiilv 6 

7 



June 21 

Many.. 

7 

3 




1 8 

2 




f 20 

9 

38..... : 

July 5 

Many, j 

21 

3 

. 


1 

1. 22 

2 


Lecgtli 

of 

incuba- 

tion. 


Days'. 

30 

30 

33 

34 
3» 
43 

34 

35 

36 

40 

41 
24 
26 
23 


26 

27 

28 


29 

30 
3:3 
14 
■T5 
16 
12 


13 

14 

16 

15 

16 

17 
i'5 
j6 

17 


Tem- 

pera- 

ture. 




S9 


I “59 

} 63 

' 63 


83 


84 


SS 


87 


«Juflumced by artificial heat. . c Average mean temperattire.'. 

No way of getting exact count without disturbing the eggs. 

At Greenwood, Miss.,' Mr'. Gibson was able to get eggs to hatch' in the 
remarkably short time of font days.. On June '30 eggs were deposited' in ' 
cowpea stems, and on July 3 several had hatched. The writer isnuable 
to surmise the reason for this short duration of the incubation period. 
The temperature, although no records are available, could hardly have 
been higher than that recorded during July at Tempe. The amount of 
humidity may have 'had something to do with the: hasty incubation; 
then, too, ■ thC' different host ' plant,' all records from ■ Tempe ' having 
been made , on alfalfa,, may have' been a factor in 'lessening the '.period. 
Table', III gives the results, of Mr, Gibson’s expeiiments' to '.determiiie 
the'' length, of, the egg stage.' ' ' 



350 


Journal of Agricultural Research 


Vol. UI. No. 4 


Tabi.eIII. — Length of tile egg stage of the three-cornered alfalfa hopper at Greentivod, Miss.; 

host^ cowpeas 


Date of oviposition of admits. 

j X>ate of 
egg hatching. 

Length 
of ..egg 
stage. 

Niitii- 
her of 
■eggs. 


July 3 
Sept. 8 

8 

Days. 

4 

7 

s 

10 

Many 

's 

J USiC . 

0 , 

0 j 


OVIPOSmON 

In — ^The egg is deposited beneath the epidermis through a 

long slit made in' the stem of alfalfa by the female with her ovipositor. 
This slit is often several times the length of the egg. Measurements of a 
large number of slits displayed a variation in length of from 0*75 To 2.25 
'mm. The egg is placed either just below or to one side of this puncture, 
and^ occasionally, instead of being just under the epidermis, aii' egg may 
be found shoved deep within the plant tissues, even to the center of the 
stem or beyond. Usually only one egg is deposited through : a single 
opening, but sometimes two or more are placed together. Quite often, 
however, a great many slits are grouped side by side and the eggs luid 
singly but giving the appearance of having been bunched through the 
same opening. When this is the case, a large scat is made, and the 
place of oviposition would be quite noticeable if it were not for the fact 
that it usually occurs back of a sheath leaf or at the surface of the 
ground, where it is partially hidden. Females have beenfound with their 
abdomen extended down the stem of the plant and below the surface 
of the ground, and subsequently eggs have been found in the stems at 
such places. It has been observed that eggs are usually laid at night or 
early in the morning. These observations were made, however, during 
extremely warm weather; during cold weather the females would prob- 
ably pick out the warmer part of the day to display their activities and 
thus avoid' the minimum temperature, as they doubtless avoid extreme 
temperature. 

^ Incowpi^as. — ^The method of ovipositionincowpeastems is considerably 
different from that in alfalfa, the texture of the cowpea plant evidently mak- 
ing possible the placing of a great many eggs in the stem through one open- 
ing. Mr. Gibson has found that the eggs are always laid in groups and ih;his 
field notes quite aptly refers to these places of oviposition as egg pockets. 
■He has observed from i to. 12 eggs in a. pocket. A count of tliceggs in sk' 
pockets showed respectively 6., 4, 12, 2,. 3, and 5' to the pocket. ' ' Following 
oviposition, in about one-third of these pockets a gall formation develops- 
. From their appearance These must: be similar to The galls which develop 
OU; alfalfa stems, following . ringing and- which' are^ described in the. para- 
:^aph, on .alfalfa'Tnjury. These naturally; give the egg pockets ' a dis- 
tinctive and. 'peculiar appearance. 'They are often' as large as .'the stem' 
itself, sometimes'.as much 'as one-fourth .of an inch in diameter, '"and' well 
show The efforts of the plant' toward The heahng .of the -injured part. 
Mr. .Gibson' thinksThat these galls are due to an overproduction of' epider-. 
m^ cells caused, by the physiolo^cal stimulus given to the plant by the 
injury, and '.states ■that, they are,' of- about The same texture and hardness 
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as the plant stem itself. It seems probable that the eggs in pockets 
where these galls have developed may be so interfered with that they can 
not incubate, but no definite observations were made on this point. 

NYMPHAU PERIOD 

The nymphal period comprises five stages, with a totah length of from 
22 to 69 days, depending upon the prevailing temperature. As is shown 
In Table IV, during the cooler spring month of March the total length 
varied from 42 to 69 days, while in the hot month of July the variation 
was from 22 to 37 days. The length of the different stages was found 
to be very unequal, the last two being found to average the longest, 
while the fifth might be prolonged almost indefinitely, provided food or 
other conditions were not right. This in itself is an important point, 
for the species would be able to survive for some time on only a minimum 
of food. There was found to be very little relation between the length of 
the periods and the sex of the individual. 
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It is to be noted that in the third stage the 21-day maximum was 
observed in only one specimen, and this seems to be an extreme one, 
as the next highest maximum was only 10 days. 

Looking at the Greenwood (Miss.) records for the nymphal periods, 
one finds not nearly as much variation between these and the records for 
Tempe, Ariz., as was exhibited in the incubation records for the two 
places. The nymphal period required from 2'2 to 30 days for completion 
with cowpeas aS a host plant. 

Table V . — Length of nymphal period of the three-cornered alfalfa hopper at Green- 

wood. Miss, 


Date of emergence from egg. i 

1 

Date of last molt. . 

Lciigtli of 
period. 


Aug. 3 

Days* 

30 

,26 

22 

28 

Attg -8 ■ • .... 

Sept. ^ 

Sept 8 - - - 

30 

s. 

Oct. 6 




HABITS OF THE NYMPHS 

Hatching. — The egg in hatching splits across one end and about otie- 
fifth of the way down one side, and the nymph wriggles its way out. Its 
legs spread and in a few minutes it begins feeding. Two specimens were 
timed and one required i8 and the other 28 minutes to complete the 
process. 

Protection.— If left alone, the first-stage nymphs are very quiet and 
slow of movement, feeding in almost the same spot for days. As soon as 
approached by any object, they hastily place themselves on the other side 
of the plant and out of harm's way. The older nymphs are quite active and 
along with the younger exhibit a peculiar protective habit. If approached 
by an enemy or a supposed enemy, as the point of a camers-liair brush, they 
throw the point of the abdomen toward . the' object and Avoiding a large 
bubble of watery excrement, explode it in the face of the enemy and then 
hastily moA^'e to the other side of the plant. In teasing a nymph in order 
to get it to display this habit the writer has cautiously moved the point 
of a lead pencil at the head of the nymph, and in trying to project the 
anal segment towards the pencil the nymph would nearly lose its footing. 
This habit is probably of considerable benefit as a protection and along 
with the horny appearance of the nymph doubtless furnishes immunity 
from many a ■ hungry foe. ■ 

Mooting.— The process of, molting is interesting. As observed in two 
specimens it required 48 minutes for the one and 32 minutes for the other. 
Most of this time was oceupied.in getting a split started in the thorax. 
After 'the split was once started, the actual time required' for the insects 
to wriggle' out was 2 and 5 minutes, ■ respectively. The description of the 
.action is taken from the writer’s original notes, made on' March 20,. ipia:. 

Just previous to molting, the skin becomes very tight and rigid, owing, of course, 

: to.pressure from' within. "The.'abdomen appears like an overinflated football bladder. 
The specnnen, "becoming :qu,iet,,:,forceS'its'. proboscis , & the" 'stem,': and .using 

this.asa'pivot','. with' its legsTo .assist, 'It begins various body m'O.vements, :such 'as 

straigttQuag out its head, waving its abdomen up and down ahd, alternately with 

this, hunching 'tlie'.'thoraxmpward, 'then 'resting a brief moment, whereupon ';the,.'''' same 



Jan. 15, 191S 


Three-Cornered Alfalfa Hopper 


355 


process is repeated. This was continiied for three-quarters of an hour and then, after 
a minute's rest, with one final effort an opening was split on the dorsum of the entire 
thorax and head and the delicate white insect began to appear. The spines on the 
thorax were first pulled out, and then the insect continned its wriggling and gradually 
the abdomen was pulled from the old abdominal skin, the larva all the time working 
itself forward over the cast skin of the head. The legs were not entirely withdrawn 
until after the last segment of the abdomen was freed. The insect," then crawling 
the rest of the way over the head of the exuvia, came to rest on the plant just ahead 
of the cast skin. There it remained resting for 30 minutes, during which time the 
newly exposed tissue was becoming hard and firm and accustomed to the sur- 
rounding atmospheric conditions, after which the insect began feeding. 

THE) ADUhT STAGl^ 

The adults are strong, quick flyers. They are wary and, like the young, 
upon the approach of danger hastily move to the opposite side of a plant ; 
then, as the enemy comes closer, with a spring they are off — how swiftly 
can only be appreciated by one who has been unexpectedly hit on the 
face or in the eye by an alfalfa hopper. 

As observed in the cages kept for the purpose of determining the 
number of generations, the males are more numerous than the females, 
being in the proportion of 4 to 3. The female, after issuing from the last 
nymphal stage, requires from 8 to 10 days to complete her development. 
During this time she is feeding, and at the end of the period copulation 
takes place. A few days thereafter oviposition begins. The males die 
shortly after copulation, while the females lay eggs for a considerable 
period. Four hibernating females were placed in a cage on Febniary 13, 
and on February 26 several eggs were laid; oviposition was continued 
until May 5, the females dying soon thereafter. Thus there was an egg- 
laying period of 70 da3^s. A maximum of only 50 eggs was secured from 
a single female. The four mentioned above laid a total of 129 eggs, or an 
average of 32 each. It is possible, however, that these may have 
deposited eggs previous to entering hibernation. Eight other females 
deposited from 7 to 19 each. These numbers all seem small for maxi- 
mums, but they were secured under unnatural cage conditions. Without 
much doubt a larger number than this, possibly as many as a hun- 
dred, are deposited by single females, when they are free and unham- 
pered, as in the field. , 

seasonal history 

HIBERNATION 

The seasonal history of' this species varies during different years, the 
variation quite naturally being due to the climatic conditions, especially 
the minimum temperature of any. particular, .year. ■ 'This . variation 
appears largely during the winter months, when the species' is supposed 
to be hibernating. At Tempe, Ariz., during a mild winter, such as the 
last one (1913-14), the species does not hibernate at all in the adult 
stage. Adult males and females were taken feeding on alfalfa every 
week during December, January, and February of last winter. Mr, 
■'Gibson, who made the January and February : observations' at Tempe,: '. 
discovered that eggs deposited in the late fall months hatched on warm 
days, but' the nymphs were usually 'killed during, the coldmights 'following. :' 
During, ;wint'erS',. 'when the 'minimum temperatures are', ni'Uch" ■'■lower' '■ the 
species,' goes, into' hibematio,n both .as 'eggs',., and '■. adults. During, '.vth.e'.: 
■' winter' 'of :i9i'2,*-'i'3''Such .conditions: ■-.as those' just .,''mentione,d::' were noted, 
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and because of the variation in minimum temperatures existing between 
the winter of 1912-13 and that of 1 91 3-14 and its relation to hibematioiij 
Table VI5 showing the minimum temperatures, is given. 

Tabi,’U VI. — Average minimum temperatures at Tempe, Arh,, during tke winters &f 

igi2-i3 and 


Period. 

19 ’1 2-13 


Dec. T tn 10 

«F- 

39 

33 

27. s 
24. 5 
32* 7 
! 33 - 7 

39 - 2 
3 SS 

38 

“F. 

35 

,40 

38' 

40.3 
43 * S 

1 40 

32. 3 
! 45. 2 

1 40 

II to 20 

2 1 to 3 1 

Jan. I to II 

10 to 20 

21 to 31 

Feb. I to 10.. 

1 1 to 2 1 

21 to 28 

Average minimum for 3 months 

33-6 

12 

\ 

39-4 

29 

Actual lowest temperature 



\ ' . ■ . . . . ' 

While it will be noted in Table VI that there was a difference of 
nearly 6 degrees in the average minimum of the three months, December 
1912, and January and February, 1913, as compared with the same 
three^ months of 1913-14, yet the most striking difference and the one 
that influenced hibernation is noted between December ii and February 
I of ^ the two years. For the former winter, the one during which the 
species hibernated, the average minimum from December ii to January 
31 was 30.3*^ F., and the actual lowest was 12® F., as against an average 
minimum of 40.3'' F. and an actual lowest of 29° F. for the same period 
of the winter 1913-14, during which time the species was continually 
active. 

During the winter of 1 912-13 the hibernating period lasted about two 
months. Just how long it may last any other winter will depend upon 
the tempemture; if, as was shown to-be the case last winter, the tempera- 
tore remains high enough, the insect will not go into bibernatioii. At 
Tempe the adults have been found particularly abundant at the base of 
bunch grass (Sporobolus air aides) and they are also found hiding below 
rubbish, leaves, etc., at the base of plants such as will provide them with 
green food on the first warm days of spring. 

^ In Mississippi Mr. Gibson has found that the hibernating period lasts 
from December until March and that the chief protection for the dormant 
adults consists of bunches of Andropogon spp,, in the clumps of which 
he.'has counted, as many as 63 adults. At Nashville, Tenn., -he- haS ' 
observed hibernating adults active by March II. 

SUMMER ACTIVITY 

_ In Arizona hibernating adults that come forth during the first part of 
-February deposit eggs -soon .thereafter, and during' the -latter 'part, 

■ March,, Apnl,, and the first part of May die„off.-'''' Young'of - the first' genera- 
,' non,-: W'hethet: they,' com overwintering eggs or from eggs, of hiber- 

nating adults, appear during the month of March. '-, , .There are-- from three 
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to iour generations aminally. During 1912 the writer obser\^eci three 
and^a partial fourth, and during 1913 Mr. T. Scott Wilson observed the 
same number.. The species reaches its greatest numbers during Septem- 
bei% when adults of the third generation are appearing. Immediately 
following the first of November the adults begin disappearing' quite 
rapidly. doubtless deposit their complement of eggs and die a 

natural death, others are killed by the approach of cold weather, and the 
rest go into hibernation. Of the immense numbers that go into hiberna- 
tion but few appear in the spring. This heavy mortality is doubtless due 
to the varying temperature. A week of warm days appears. The 
insects, thinking spring has come, desert their protected places and begin 
feeding. ■ Then, if the night temperature suddenly drops to freezing or 
below, a great many of them succumb. 

The actual dates for the different generations as observed in cages are 
given in Table VII. Under field conditions it is quite probable that there 
would be considerable variation from these dates, but the}^^ can be con- 
sidered as an average for the different conditions. 


TabIvK VII. — Periods of generations of the three-cornered alfalfa hopper in Arkona in. 

IQ12 and igij 


Generation. 

1912 


First generation 

Feb. 6 to June 10. . . 
June 10 to Aug. 7 . . 
Aug. 7 to Oct. 10.. . 
Oct. 10; no eggs 

Feb. 3 to May 28. 
May 28 to Aug. i. 
Aug., I. to Oct. I.' 
Oct. 1 ; nymphs, 
in November, 
i 

Second generation 

Third generation 

Fourth generation . 




DAMAGE TO ALFALFA 
INJURY TO THE PLANT 

The damage to alfalfa and other plants comes as a result of the sucking 
up of the plant juices for food by the adults and nymphs. The sharp- 
pointed proboscis-like mouthparts or beak is thrust into the plant and the 
Juice extracted, leaving the plant wilting and often in a dying conditxGn. 
Both- the adults and the young have two methods' of feeding.. One is a' 
promiscuous puncturing of the stems, while, the: other is the' puncturing; 
in a regular and continuous line which takes the form of a ling or girdle 
around the stem '(PL XLIII, fig. 7,- u). At first it was' suspected that "this 
girdling had something to do with egg deposition, since the eggs, being 
■deposited, below the girdle which had, stopped the circulation ■ of plant 
fluids, were safe from injury by plant growth. Soon, however, it was 
noticed "that nymphs were more" often responsible for the ringing "than'' 
adults and that girdling from adults had no relation whatever to oviposi- 
tion. ' 

It is from , these girdling punctures, that the greatest ,dam,ag.e'"result's; 
for in , addition to' the," loss of plant 'juices,'- the stems"are"weakened,"'a- 
gall .(PL X-LIII,-fig. 7, b) usually develops, circulation is-.,'cut .off: from'., the 
',upp',er.' -portion of, -.the, plant, and 'a 'great; many- of theplants '.break off-',''' ^ 
come; "yellow, 'and 'die. , : ;It is. interesting- .to note,',' he're'that ; the:;.;ny'mp-hS' ,do' ■ 
more:-'"damage: . than the'^ adults. ' They-'' seem ■''to;:':'',.be'-: '.mtieb,-''' more;;"'h'eart,.y' 
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feeders, and, being more sedentary, their feeding is more nearly restricted 
to a definite area or ring, and with this concentration of work the eflfect on 
the plant is more pronounced. 

The gall following the girdling of the stem, shown in Plate XTIII, figure 
6, is also quite detrimental to the plant. It is an effort on the part of 
the plant to mend the injury. There is always a thickened area in the 
epidermis both above and below the ring, and often this takes peculiar 
shapes. At one time the swellings will take the shape of globules larger 
in diameter than the stem itself ; at other times a rootlike projection, often 
half an inch in length, will shoot out; and nearly always, sooner or later, 
under the pressure of wind or other external influence, the plant' will 
break off and be of little value as food. The more tender stems are 
always chosen by the insects in preference to the older and more fibrous 
ones, and thus the maximum of food is found with the least labor. During 
cool days and cooler weather the feeding is done close to the ground ; dur- 
ing warmer weather the species feeds high up on the plant and in the 
extreme heat of the summer it feeds on the shady side of the stem. 


INJURY TO THR CROP 


The damage to alfalfa, while not as serious as that caused by some 
other alfalfa pests, is considerable. To the casual observer it does not 
appear to be so heavy, chiefly because nothing is seen to be devoured, as 
in the case of lepidopterous larvae; and yet, because of the great numbers 
appearing in alfalfa in the late summer months, farmers have often com- 
plained of the hoppers in their fields and have imagined that they were 
doing damage which in reality was due to larvaa of the yellow alfalfa 
butterfly {Eurymus eiirytheme). As has been noted, during the latter 
part of August and continuing through September that species, as well as 
a jassid, mali he B., attains immense numbers and flies in great 

swarms before one in an alfalfa field. At this period of the year the alfalfa 
is fibrous, lacks succulency, and the growth is neither heavy nor thrifty. 
The hot weather is usually blamed for all this, but the fact is that a con- 
siderable percentage of the injury is due to the action of these insects. 
With dozens of hoppers feeding upon every stem and hundreds upon every 
plant, all sucking the plant juices, checking plant growth, ancl girdling 
many stems, causing them to shrivel and possibly to die or even break off, 
It is no wonder that the alfalfa looks sickly and is of slow growth during 
these months. On September lo, 1912, the writer made the following 
note'; ■ , ' 


tnotoTcycU l wentto Chandler, Ariz., to inspect an alfalfa field on Mr. 
CtoWs s tanch, which was reported as being *' killed off'* by insects. Uponreaching 
the field, 1 fonnd that the alfalfa was in bad condition. The stems were so scarred 
from the feeding punctures of Sticiocepkala fesiina and jassids that they presented a 
stic^, sickly appearmce, and the stems were dry and shrunken so as to be pliable to 
the touch and not solid and rigid, as they should be. A great maxiy fields to the south- 
east of Tempe show this damage to a greater or less extent 


trom the notes of Mr. T. Scott- Wilson I 

Tenipe,jWz,, September 26 , 1913. Stictocephala are -very numerous no-w around 

lempe. They^^e doing a; great; amount of damage, more than "at any time this vear. 
Many alfalfa -stalks are -completely girdled near, the ground- and 'will break of! very 
- easily at this- rmg where .the -bug has -sucked the, -juice: from-, the, -stalk. -'Somehave"a> 
^eat many small spots scattered along the stalk, where the insects :h-ave -fed. Other 

place-, -and, -some are green 
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this is a serious pest, to late summer crops. The insects are so thick at present that 
when a man is walking through alfalfa they fly into his face and swarm ahead of him 
like bees. 

During the early part of September, 1914, several complaints were re- 
ceived from southern Virginia by the United States Department of Agii- 
culture of serious damage to alfalfa by the insect under, discussion. One 
such infestation occurred at the county experiment station at Williams- 
burg, Va. In this case Mr. R. P. Cocke reported that, fully 95 per cent 
of the plants were seriously affected by the characteristic girdling of the 
hopper. Specimens of the insect were sent to the Department for, iden- 
tification and found to be the three-cornered alfalfa hopper in its fourth 
nymph al instar, 

DAMAGE TO PEANTS OTHER THAN AEFAEFA 

In Mississippi Mr. Gibson has found that this hopper does as much 
damage to cowpeas as it does to alfalfa, or more. He finds that the 
greatest ' damage comes when the cowpeas are small, possibly only two or 
four leaves having developed. In this case, when the plant is gixriled it 
can not so well overcome the damage and usually wilts down immedi- 
ately. Often as many as 15 nymphs would congregate on one cowpea 
plant and soon vSap its life. One of the serious causes of injury to cow- 
peas is the oviposition of the females. As has been stated elsewhere in 
this paper, the eggs are laid in pockets in the stems of the cowpeas, and 
around these pockets galls often develop. The scars ■ resulting from 
such action are often so large and so abundant— as many as eight on a 
single small plant— that the plant is greatly retarded in growth and may 
break off or die. 

Dr. A. W. Morrill, State Entomologist of Arizona, has told the writer 
that in their work with bean insects they have discovered Stictocephala 
fesiina ml^xg^ numbers on beans and probabl}?' doing quite a bit of dam- 
age. The writer has made no observation of the pest on these plants. 

Although a great inaiiy other plants are fed upon by this insect, none 
of them seems to be greatly damaged. While Dr. Oemler, in 1 887, 
reported (4) damage to tomato plants/there seems to be no record since 
that time of any damage to that crop, and the species has certainly not 
become of great importance in relation to tomato culture. 

NATURAL ENEMIES' OF THE ALFALFA HOPPER 

During the study of the th,ree-cornered alfalfa hopper , as an alfalfa 
pest it has been shown that it suffers in a remarkably small degree from 
natural enemies. ■■ Prof., T. D. A. Cockerell in .1899 observed' (9) a spider, 
Argiope if ansmrsa'^m^ttonpi^^dmg on '.the alfalfa hopper at' Phoenix,,' 
Aiiz. The' writer has also . noticed remains of the insect in' spider., webs 
"in alfalfa fields, , but these do not exert, any remarkable ,, influence: iH' re- ', 
ducing the ,numbers. of the pest. Likewise, the harvester arit ■{Pogono-' 
myrmex Jar Smith) .has been noticed by both The. writer,', and' Mr.,, 
Gibson -carrying individuals of Stictocephala festina^hut these must.have 
been'.'dead or, disabled before captureby the ants.. . ■ 'A small red predaceous,"" 
.mite, Erythrmus^ sp., was found feeding' upon' the '-eggs,' choo.sing ■ those 
wit'h,."t'Iie-' outer .end pro'trud,ing'.above'the';,'pla'nt,',tissue,s. Bu'OyC, Bart-'' 
lett^ , As,sistant ^ State,'. Entomologist' of Arizona,'; informs', the .,'write'r'. 'that, 
in,, his, 'work '."with, this insect as' a,'be,an' pest ''he has" reared ,'large,'n.iitn't3erS'.,'' 
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of egg parasites from eggs deposited in the stems of bean plants and 
expects to publish a report concerning the matter in the near future. 
The writer, however, has never noted egg parasites issuing from eggs 
laid in alfalfa stems. 

Dr. A. K. Fisher, of the Bureau of Biological Survey, United States 
Department of Agriculture, informs the writer that they have found 
stomachs of nighthawks to contain specimens of Stictocephala which 
these birds must have taken quite early in the evening. Messrs. R. N. 
and T. Scott Wilson, during September and October, 1913, killed 31 
birds that were visiting alfalfa fields, and 10 of these had from one to 
four adults of Stictocephala festina in their crops. Table VIII shows the 
results of an examination of the stomachs of these birds. The birds were 
detennined by Mr. Frank W. Rogers, State game warden of Arizona. 



The same investigators killed 19 toads but only found three of these 
to h&ve Stictocephala festina in their stomachs. One stomach contained 
one nymph and three adults, while two others contained one nymph 
and one adult, respectively. One would think that toads might feed 
upon the nymphs to a considerable extent, but the dissections of these 
19 stomachs seem to prove the contrary. 
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PREVENTIVE MEASURES 

The great problem is how to control the species. While good may be 
accomplished by any one of seyeral methods, yet so far no way has been 
found for entirely controlling the pest. Prof, T. D. A. Cockerell (9) in 
1899 suggested that a hopperdozer might be used successfully,' but 
several ' attempts made during the fall of 1913 by Messrs. R. N. and 
T. Scott Wilson in which hopperdozers of different forms were used were 
all unsuccessful. A device with merely the upright canvas back of the 
oil pan caught only a very small percentage of the alfalfa hoppers. They 
are so quick and active that they get away without even touching the 
machine. When a forward projection of cloth was arranged so that the 
hoppers could not get over the already high back, a few more were taken, 
but the majority would fly out ahead and to one side, so that a hopper- 
dozer seemed altogether impracticable. 

Prof. Osborn (ii) suggested timing the removal of the crops so as to 
destroy the eggs. While it is a certainty that many eggs are destroyed 
in this way, yet the fact that a large percentage is laid close to the ground 
and below the point above which they would be removed by the cutting 
process precludes any possibility of this method being successful. 

In several instances fields that were pastured were found to be less 
infested, but this may have been a coincidence, and at any rate could not 
be utilized as a method of controlling the pest. 

The one practice that will bring about a considerable reduction of the 
insects is clean methods of farming. When the time comes that each 
and every farmer is cultivating only as much land as he has means to 
handle properly — and by the term “handle properly” is meant the 
tilling of his land in such a way that the maximum returns per acre will 
foe secured — then and then only will insect devastations be reduced to a 
minimum. The alfalfa hopper can be greatly reduced by just such 
handling, which must include the eradication of weeds, brush, bunches 
of wild grass, rubbish, etc., along fences, ditch banks, and other places. 
The fact that the alfalfa hopper is found during hibernation in places 
where it is protected from cold and from exposure to its enemies shows 
that a great many wintering adults may be eliminated by cleaning up 
such hiding places. 

SUMMARY : 

The three-cornered alfalfa hopper (Siiciocephala fesiina) is an insect of 
economic importance to alfalfa crops in the irrigated valleys of the 
southwestern United States and to alfalfa -and' cowpeas inThe Southern 
States. 

Injury is due to the sucking of plant juices 'by both adults and larvse 
and the development of a feeding scar which often takes the form of a 
ring or girdle and which is usually accompanied by a gall formation. , ' ■ 

Hants of the legume family constitute the favorite food. 

The eggs are deposited in the stems, of, the iood plants, usually back 
of the.'sheath leaves or below the surface of the ground. , In cowpeas the^" 
eggs are deposited in pockets on the stems. , ■ ■ ■ 

, The' egg period in Arizona occupies from 12 to 41 - days and the five 
stages of .'the , nymphal period from 22 to '69 days. The average.com- 
',bined length for' both periods iS' about 50 days. , 
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In sontheni' Arizona there are four generations annually and during 
extremely mild winters the adult insects are active throughout the 
season. During , colder winter the species hibernates in both the egg 
and adult stages. 

The alfalfa hopper is little affected by natural enemies and is only 
reduced in numbers by the variable winter temperatures. The Sonoran 
redwing was found to feed upon the species. 

The cleaning up of places of hibernation and, the eradication of weeds^ 
rubbish, etc., i.s the only known system that will reduce the numbers of 
the pest. . . 
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PLMEXLIII- 

. Eig. I.— The three^omer^^ alMfa h.opptt {Stictocephah festina): Adult. a, view, 
from side; 5 , view from front. Greatly enlarged. OrigmaL 
Fig. s.-—Tli,e tliree-comered alfalfa hopper: n,.Nympliin,'first stage; 6, egg. "Greatly 
enlarged.. Original. „ 

Fig. 3.-— The three-cornered alfalfa hopper: Nymph in second stage. Greatly en- 
iarged. ' Original. ' ■ 

Fig. 4.— “The three-comered alfalfa hopper: Nymph in tliird stage. Greatly en-' 
Targed. .' Original. , ' , , 

Fig. 5,— -The three-cornered alfalfa hopper: Nymph in foprtli stage. Greatly en- 
larged.': Original. 

■ ^ ,'Fig.'6'.. — ^The three-cornered alfalfa hopper: Nymph in fifth stage. Greatly enlarged. 

'■O'riginal.,,.' ■ ' ■ 

' ■■ yFig. 7,.— An alfalfa, stem showing feeding punctures of the three-cornered alfalfa 
hop,5,er : ,, a, King or girdle of pxtnctures around the stem ; h , gall resulting from girdling . 
'■'Ori^nalt 
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LIFE HISTORY OF THE MEDITERRANEAN FRUIT FLY 
FROM THE STANDPOINT OF PARASITE INTRODUC- 
TION 

By E. A. Back, Entomological Assistant, and C. E. Pbmbbrton, Scientific Assistant, 
Mediterranean Fruit-Fly I nvestigations, Bureau of En tomology 

INTRODUCTION 

The ease with which those parasites of the Mediterranean fruit fly 
{Ceratitis capitata Wied.) that are capable of living several months in 
glass tubes, if receiving intelligent care, can be introduced from western 
Africa into Hawaii has been most admirably demonstrated by Dr. F. 
Silvestri, who was engaged by the Hawaiian Board of Agriculture and 
Forestry to search western Africa for parasites that might be of value in 
checking the ravages of the fruit fly in Hawaii^ While Dr. Silvestri 
succeeded in introducing parasites at Honolulu, three species of which 
(Galesus silmstrii Kieffer, Dirhinus giffardii Silvestri, and Opius humilis 
Silvestri) have since been reared and liberated in large numbers by the 
Hawaiian Board of Agriculture and Forestry, he failed to introduce 
Tetrastichus giffardii, which, in his opinion, gives greater promise as a 
parasite in Hawaii than any of the other species introduced. He ascribes 
his failure to introduce this parasite to its short life and its habit of 
ovipositing in either the egg or the young larvae of the fruit fly. On his 
trip of exploration, which necessitated many stops and side trips, Dr. 
Silvestri could not be hampered in his movements by such contmuotis 
rearings of the host insect as must be undertaken by one carrying to so 
great a distance this or other short-lived parasites breeding under similar 
conditions. During the period of a little more than a year in which the 
writers have been rearing fruit flies in large numbers they have developed 
certain extremely simple methods for rearing Ceratitis capitata. These 
result in saving much time and in preventing many failures in connec- 
tion with the effort to introduce parasites of fruit flies from western 
Africa into the Hawaiian Islands, as they, provide a meansof heeping'on ", 
hand the various stages of the fruit fly for the rearing of new generations 
,# of • parasites. , . , , 

s For a full account of this expedition, see Silvestri, F. Viaggio in Africa per cercare paraSsiti di xnosche 
'dei frutti. ' x64 p„,69fig. Portici.'igiis. (Bol. Eab. Zool, Gen.'e Agr,, R.Scuola Sttp. Agr.'PprticL, v. 'S, , 
1914,), For English edition, see Report of an Expedition to Africa in Search of the Natural Enemies of 
',V' Fm.it'FHes (f rypaneidae):with Descriptions, Observations, and Biological Notes. 176 p, 24 pi* Honolnlts, 
1914, , (BtiL HawaiiBd. Agr. 'and Forestry, ■uo.' 3.) 
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PUP.® 

securing material 

Iti obtaining a colony of fruit flies the usual'method is that of placing 
infested fruit over sand in some kind of a securely screened container. 
The writers have found that the easiest method of securing large quan- 
tities of pupae from which to rear adults and pupal parasites is to use any 
sort of contrivance which will keep the inf ested fruits free from the sand 
and at the same time bring the emerging larvae to a central pointy where 
they may be quickly and easily gathered. If the fruit is allowed to come 
in contact with the sand, the latter becomes so saturated with the juice 
of the decaying fruits that it can be freed from the pupae only with con- 
siderable effort and expenditure of time. Plate XLIV, figure 2, repre- 
sents the first contrivance of this kind used by the writers. It is made 
of galvanized iron, 3-6 by 18 inches, with a depth at the lowest point of 
24 inches. On the inside, 2 inches from the top, there are narrow sup- 
ports, which hold in place a tray with handles at both ends and a bottom 
of galvanized-iron screen with a K -iuch mesh. The larvae emerging from 
the fruit instinctively work their way downward and fall through the 
screen, and are carried thence by .gravity and their own movements 
through the outlet below into the small container. This arrangement 
works well with very nearly all the host fruits likely to be used as a 
SGurce of pupae, such as Mwmsops elangi^ the rose-apple (Eugenia jamhos)^ 
the kamanis (Terminalia cattapa and Calophyllum inophyllum), and the 
strawberry guava (Pxidwm caitleyanum) . Such fruits as the mango 
(Mangifera indica) can be used, but they yield so much juice that the 
inside of the frame becomes so wet that the escaping larvae often pupate 
without falling through into the container below, and the sand in the 
latter becomes more or less saturated. 

Previous to the adoption of this method of securing pupae, there was 
in general use, both by the Hawaiian Board of Agriculture and Forestry 
and by the writers, a shallow box about 14 by 12 by 3 inches, ordinarily 
used by florists. The bottom of this box was covered to a varying depth 
with sifted sand, on which were placed the infested fruits. During the height 
of the season of 1913 from five to eight men were employed by the Terri- 
torial and Federal authorities in daily removing infested fruits from one 
box to another containing fresh sand, and in sifting for the pupse the sand 
over which the fruit had lain for 24 hours. Besides requiring much time , 
the prolonged sifting necessary to free the pupae injured many of them. 
The writers are now using a frame 6 by 3 feet and 3 feet in depth similar * 
to that shown in Plate XTIV, figure 2. The use of a sufficient number 
of cheap wooden frames covered with tin well pdnted .wiU make it 
possible for one man in several hours to do the daily work formerly 

requiring: six to eight . men.' , 

An adaptation of the old box system has been found useful when it has 
been desirable to keep separate the'.pupse from small lots , of fruit^gathered 
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from vaiions localitites.' One box with a screen bottom of a sufficiently 
large mesh contains the fruit and is placed over a box of the same size 
containing sand. By this method the fruit does not need to be handled 
daily, and the sand below is kept so dry that the lar\?'ae falling' through 
into it are easily sifted (PL XLIV, fig. 1). 

EMBRGEJNCB OR hARVM AND PUPATION 

The larvae leave the fruit in largest numbers at or just after , daybreak. 
Thus, on the 6th of July, 16,624 larvae emerged between 4 and 9 a. m., as 
compared with 57 between 9 a. m. and 1 1 p. m. Siftings made at 6, 7, 8, 
9, and 10 a. m., on July 7, yielded 1,006, 448, 171, 95, and 14 larvae, respec- 
tively, during these hourly intervals. On July 8, at 5.20, 6, 7, 8, 9, and 10 
a. m., 152, 978, 369, 72, 31, and 14 larvae, respectively, emerged, as com- 
pared with 7 larvae during the rest of the day. The mean temperature 
for the period of larval emergence during which these observations were 
made ranged from 73® to 74® T. Nearly all puparia are formed in from 
one to two hours during warm weather. 

UBNGTH OF PUPAL STAGE 

From the data included in Table I it will be seen that the minimum 
length of the pupal stage is 6 days when the mean temperature ranges from 
about 76^^ to 79° F. During the warmest Honolulu weather the larger 
proportion of any lot of pupse requires from 9 to ii ds^ys before yielding 
adults. This period may be increased to at least 19 days when the daily 
means drop to about 69° to 71 


Table 1,— Duration of the pupal stage of the Mediterranean fruit fly 


Date of 
pupa- 
tion. 

Date of 
emerg- 
ence. 

Number 
of adultvS 
emerg- 
ing. 

Pupal 

stage,' 

Mean 

tempera- 

ture. 

Date of 
pupa- 
tion. 

Date of 
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ence. 
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of adults 
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ing. 

Pupal 
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tempera- 

ture. 






Days. 
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It was found that in Bermuda, when the monthly means range from 
62.5"^ to 64.8® F.j the pupal stage was lengthened to about 31 days under 
normal conditions. The writers have found that the Mediterranean 
fruit fly can pass from egg to adult if kept in the dark in cold storage at 
56® to 57^ and that at this temperature practically all pup^ yield adults 
from 37 to 41 days after pupation. Pupae placed in cold storage in the 
light at a temperature varying between 58° and 62° were apparently 
unaffected by the cold, except that the length of the stage was increased 
to from 29 to 31 days for pupae which were about ,3 hours old when 
placed in cold storage, , In carrying pupae from place to place for rearing 
purposes a temperature of less than 56^ to 60^ is not advised, as great 
mortality occurs. Thus, from about 300 pupae i day old placed in cold 
storage at about 50° on June 2 and removed to a normal summer tem* 
perature at Honolulu on July 22 only 8 adults emerged during the period 
from July 24 to 26. 

ADUI/rS 

The, adults of the Mediterranean fruit fly emerge in largest numbers 
early :in ,the morning during w^arm weather and more scatteringly during 
cool ' Weather. 

CARB OR ADUWS 

As adults die in greatest numbers within 48 hours after emergence, or 
within 72 hours at the longest, if food is not given them, those required 
for future observations must be transferred to a place where they may 
be fed and cared for daily. In this work the writers have found glass 
Jars 9 by 12K inches covered with cheesecloth very convenient. Such 
Jars will hold from 200 to 300 flies in good condition. Frait juices of 
almost any sort are eagerly eaten. Water slightly sweetened with pine- 
apple (Ananas ananas) syrup was used with good results by the writers for 
many months, but was replaced later by a mixture of water and finely di- 
vided parts of papaya (Carica papaya ) . When fed with such diluted food, 
adults thrive best on two feedings a day, one in the morning and one late in 
the afternoon. The food maybe applied in finely divided drops to the sides 
of the Jar by flirting the mixture forcibly against the cheesecloth covering 
by. means of 'a snapping movement of the thumb and forefinger. ■ The 
, adults' feed greedily and soon, become distended'.' In this ' condition 
; many fall and rest upon the bottom of the Jar; hence, the less food falling 
on thiS' portion,' of the.' jar' the fewer will ' be the deaths resulting from 
■'■entanglement in it. If the flies are not required for. oviposition, they 
ca,ii''be kept , alive far more easily by suspending " within, the jar a juicy 
fruit upon wMdi' they ' may ' feed. 'One' mango, the skin 'df' which ' had 
been 'broken' '.in. nuinerouS ' places,, served to keep alive' from 100 to 200 
:fli'es for one, week'.':. Feeding by flirting mixtures ''through the'' clot^^ 
ing' causes the' sideS' ' of the, jar, tO:.' become soiled quickly,, and' necessitates 
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the changing of adults to clean jars every two or three days. When fed 
with suspended fruit, the flies require no changing for at least two weeks. 
Mortality among the flies increases rapidly in badly soiled Jars. 

length of ufe 

Well-fed Mediterranean fruit flies have been kept alive in these jars 
more than five months. One fly that emerged on December 31, 1913, 
lived until May ii, 1914, or 131 days. Other flies, which emerged on 
February 28, 1914, are alive at the date of this writing— August i. 
Usually about 50 per cent of the flies may be expected to die during the 
first two months after emergence. When the monthly mean tempera- 
ture averages about 76® to 79° F., comparatively few flies live to be more 
than 3 months old. When kept at a temperature ranging from 58® to 
63^, the writers believe from accumulating data, that especially strong 
adults will live to be more than 6 months old. 

SEXUAL MATURITY 

Neither male nor female flies are sexually mature when they emerge 
from the pupa. Males show sexual activity often four days after emerg- 
ence, and copulation has been observed five days after emergence. When 
the daily mean temperature averages from 76° to 78° F., the larger per- 
centage of females is ready to mate from six to eight days after edosion. 
Adults that emerged on May 23 and 24 and were placed on May 25 in 
the light in cold storage at 61® to 64® were not observed to mate until 
June 5, when 14 days old. Copulation may occur at any time throughout 
the day, 

. O VI POSITION 

Oviposition may take place in Hawaii as early as 5 days after emergence 
during very warm weather, but not for about 10 days when the tempera- 
ture ranges between 68® and 72® F. At mean temperatures above 74® 
various lots of adults will yield large numbers of eggs from 7 to 8 days 
after emergence. Adults oviposit best at temperatures varying from 70® 
upward, but have been observed depositing eggs at 65® to 67®, and in 
cold storage in the light at about 62®. 

; It is impossible at this writing (August i, 1914) to state theiull capacity 
■for egg deposition possessed by females of .this species. ' The number of 
eggs found at any time in the reproductive organs is no'.indication of the 
total number of eggs an individual female is capable of depositing, formew^ 
eggs are being formed continually throughout life. ■ The data iU' Table II 
shoW' that during the first 18 weeks' of her life one. adult deposited, 499 ^ 
,eggs'„aiid was' still in a thri,fty condition.. ' Two other females , during; the. 
■same' time" deposited'' 416 and 336" eggs.,' respectively.' '' A. 'fourth ''.female;.' 
.liviiig' .but 8o'dayS''depO'sited':3i2:"eggs. ■ .Usually females, die, soO'h .after" 
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■they cease to oviposit. Fly No. 9 in Table 11 is an exception, as she de- 
posited but 3 eggs ill one puncture during her life of 68 days and lived 
without ovipositing for 35 days before she died. The data in Table 11 
give the capacity for oviposition possessed by females up to 18 weeks 
of age. Those in Table III show that this capacity is fairly well main- 
tained hy certain females at least during the fifth month after emergence. 
Thus fly No. 5 of Table II deposited on an average 4.5 eggs per day 
after she began ovipositing, while fly No. i of Table III deposited an 
average of 4.6 eggs per day for the first 24 days of the fifth month of 
her life, 

TablB II . — Daily rate of oviposition of the Mediterranean fruit fly. Females emerged 
on April ai'id were placed with fruit on April 14^ igi4 


Date of oviposition. ! 

1 

Number of eggs deposited. 

fly 

ho. s. 

Fly 
No. 2. 

Fly 
No. 3. 

Fly 
No. 4. 


Fly 
No. 6 . 

" 

Fly 
No. 7. 

Fly 
No. S. 

Fly 
No. 9. 

Apr. 16 

3 

0 

0 

0 

0 


0 

0 

0 

17 to .20 

. 14 

7 

I, I 

24 

19 

14 

0 

0 

0 

20 to 22 

0 

0 

0 

0 

0 

0 

5 

0 

0 

22 to 25 

0 

0 

7 

0 

0 

0 

0 

2 

0 

2$ to 27. . . 

0 

7 

n 

0 

13 

0 

14 

0 

. 0 

27 to 29. 

, II- 

8 

6 

0 

16 

15 

0 

20 

,0 

2Q to 30 ....... 

0 

0 

0 

0 

^7 

16 

23 

0 

. 0 

Mav 1 to 3 

0 

0 

0 

. 3. 

■ -25 

.19 

^9 

^3 

0 

3 to 5 ■ ■ 

=3 

0 


■ ■ 

12 

0 


0 

3 

■ 6 ' 

2 ■ 

■0 

■ ° 

i ■ -O' 

0 

0 

9 

0 

0 

■7 

s 

0 

0 

1' ■ ° 

19 

12 

2 

8 

0 

S. ............... .. 

9 

0 ■ 

i 0 

i 0 

9 

3 

I 

0 

0 

9 - • • 

i . 9 

0 

! O' 

i ® 

7 

7 

4 

3 

0 

10.. ' 

i ® 

0 

1 

i 2 

0 

6 

2 

0 

0 

II 

! .17 

0 

1 ® 

: ■ 0 

7 

3 

0 

0 

0 

12. 

1 ^ 

4 

! ^ 

; 0 

10 

4 

8 

0 

0 



i 14 

0 

1 0 

0 

7 

8 

11 

0 

0 

T A 

8 


0 

! 0 


0 


0 




15 - * ■ 

! S 

0 

j 0 

! 5 

5 

6 1 

6 

I 

0 

16. ............... . 

; 5 

0 

! 0 


II 

■6 1 

8 1 

14 : 

1 0 

17 ' . ' 

i 8 

0 

1 0 

0 

0 


' 'Z 

0 ' 

0 

iS.'...., 


0 

i 0 

1 13 ! 

3 

<+ 1 

i 0 

I 3 

8 i 

0 

3:9 

3 

.4 

0 

1 0 

5 

1 0 ! 

1 3 

9 i 

0 

20. 

2 

i ^ ) 

0 

1 0 

6 

0 

j 

I 'I 1 

0 

21.... 

0 


0 

! 0 



0 

' 0 

8 1 

0 

22 . 

; 5 


0 

1 0 

5 

0 ' 

V 

I 

i 9 : 

0 

■ 23. 

10 


20 

! ■ 4 

6 

10 1 

4 

4 1 

0 

. 24. . ■ 

, 4 


2 

18 

-» 

I 

4 

7 1 

0 

25.. .. .. 

; 5 


^9 

1 ' 4 

0 

2 ' 

3 

3 

; ! 

p 'i 

0 

26, 

! . ' 0 


2 i 

Q 

6 

2 

0 

3 1 

0 

27.'....'. 

0 


■6 i 

i V 

15 

9 

0 

5 

s 1 

0 

28. 

^ . 0 


(^) 

! 3 

3 

5 

■3 

4 

0 

29. 

.' 9 


! 

9 

3 

14 

■ 7 

7 i 

.0 

■ ' ■ 30. I 

I - 



12 

0 

8 

7 2 1 

'10 

4 1 

0 

.31, 

0 



0 

6 

21 

4 1 

s 

■0 

.June I. .' .1 

0 


i 

8 

3 

'■ 10 j 

5 , 

5 

0 

2. .... .... . ,j 

0 

' 0 



3:3 

9 

5 

,12 

6 1 

' 4 ! 

14 

, 7 ' 

■ 6/ 

2' 

0 0 


a Dates oa which none of the., flies" oviposited are omitted from the ta!>ie. 
0 Died on this date. 
c Escaped on this date. . 
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Tabi^E II . — Daily rate of ouiposition of the Mediterranean fruit fly. Females emerged 
on April 4, IQX4, and were placed with fruit on April 14, igi4 — Contintied 



a Died oa this date. , ■ 

& Aug. 1, 1914: 'These females are still alive aad promise to oviposit for some time yet. 
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Tabi^iS III , — Daily rate of oviposition of the Mediterranean fmit fly. Females emerged 



a Dates on which none of the flies oviposited are omitted from the table. 

& Died on this date. 

« Atig. I, 1914: These females are still alive and give promise of sextia! activity for some time to come. 


Oviposition experiments are still in progress; hence, no estimate can 
be made of the maximum egg-laying capacity of the female Ceratitis 
capiiaia. It is evident, however, from the data in Tables II and III 
that the females lay small batches of eggs quite regularly throughout life. 

IN HABIT BETWEEN THE ADULT MEDITERRANEAN FRUIT FLY 
AND THE adult MELON FLY 

Those desiring to rear the melon fly {Bactrocera ctmirhiiae Coq.) or 
parasites of its eggs and young larvae will find marked differences in habit 
between this and' Ceratitis capiiata. These same differences will prob- 
ably be found to 'occur between species of Dacus and Ceratitis. There 
is very little difference found' by the writers in the 'egg, larval, and pupal, 
stages. The adults of the melon fly are far more hardy than adults of 
C capitata. The writers have on hand many adults, 6 months old which 
give every promise ' of . living indefinitely, as very few have died ' during 
the last few months and those living are' as 'active aS' when newly emerged. 
’The adult meloii fly ,exhibits'no' sexual activity 'for such"' a long \perio'd 
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after emergence that one is likely ' to be discouraged in obtaining eggs^ 
While the sexes of the Mediterranean fruit fly are sexually active through-, 
out the day, the melon flies become active only at sunset. From sunset 
until dark copulation occurs and lasts in many instances until daybreak, 
inasmuch as numerous pairs have been observed in coition at' midnight 
and at dawn, when all flies are very quiet. Adults issuing from pupae ■ 
on May 24 did not mate until June 13, or 20 days after emergence, 
although they were observed every evening. The majority of females 
in this lot did not mate until 25 days old. The daily mean temperatures 
for the period from May 24 to June 13 averaged 75.5® F. 

The female Bactrocera cucurbitae is more irregular in her habits of 
oviposition. As shown by the data in Table IV, she lays more con- 
sistently a large number of eggs at one time. 


TablK IV n— Daily rate of oviposition of the melon fly (Bactrocera cucurbitae). Emerged 
on May 2g a'tid placed separately with fruit on June 2g, XQI4^ 


Bate of ovipositioti.?* 

Nttmber of eggs deposited. 

Fly No. I. 

Fly No. 2. 

Fly No. 3. 

Fly No. 4. 

Fly No. 5. 

Fly No. 6. 

Fly No. 7* 

July 10 

0 

0 

0 

0 

0 

23 

0 

II 

0 

0 

13 

0 

17 

0 

0 

IS 

14 

0 

0 

0 

0 

12 

0 

17 - 

0 

0 

9 

0 

14 

0 

0 

18 

19 

0 

0 

0 

0 

0 

0 

i 9 ' • 

0 

0 

0 

0 

0 

0 

19 

21...... 

0 

0 

0 

O' 

0 

6 

0 

22' ■' ' . . 

13 

Q 

0 

0 

0 

0 

0 

■,'23. 

0 

0 

0 

0 

10 

0 

0 

24.., . 

0 

0 

0 

3 

0 

0 

0 

' ■2'6.. 

0 

■, , 0 '■ 

0 

0 

0 

23,' 

- 0, 

27....... 

29 

■ 'O’ 

0 

0 

0 

0 

, , '"O, 


These 7 females were aU alive on July 27. 

& Dates on. which none of the flies oviposited are omitted from the table. 


The data in Table IV were secured from young females during the early 
period of sexual activity. Other data on file show that females over 5 
months old deposit quite as freely. 

EGGS 

Eggs may be obtained -most easily .for experimental work, by suspend- 
ing fruit on a string in a jar containing adults, after the latter have begun 
to mate. In Plate XLV, figure i, is illustrated this simple method, of, 
obtaining eggs during a known period. , If the epidermis of the fruit- is 
shaved off- in several- places oviposition will , be made' easier." The 
removing of eggs either from the bod}?' of - theiemale or from the sides of the' 
containing jar, as practiced by several workers, has not given good results. 

', If it, is ' desired ,to keep constant watch -over - eggs- they -may be 'dissected 
easily from the egg' cavit}^ and spread upon a section cut' from -any firm 
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leaf. The leaf should then be inserted into a small viab an absorbent- 
cotton, plug added to force the leaf well toward the bottom, and the vial 
with contents inverted and partially submerged in a jar of water. It 
has been found by checks that eggs, when handled in this manner, develop 
normally unless injured in the transfer. An ordinary moist chamber does 
not seem to, serve the purpose so well. 


TABrn V .- — Duration of the egg stage of the Mediterranea^i fruit fly. 


Num- 
ber of 
eggs 
under 
obser- 
vation. 

Eggs deposited. 

Eggs hatched. 

Aver- 

age 

mean 

tem- 

pera- 

ture. 

S8 

Jan. 21-22, 4 p. m. to lo a. m 

Jan. 26, 6 a. m. to 3 p. m . . . 

^F. 
68. 7 

350 

Mar. 9 

Mar. 12-13, 4-30 p- m. to 8 a. m 

70. 2 

264 

Mar. 22-23, 2 p. m. to 9 a. m 

Mar. 26, a. m 

71. 0 

^35 

Do 

Mar. 27, a. m 

71. 0 

236 

Do 

Mar. 28-29, S a. m. to 6 a. m 

71- 3 

12 

Do 

Mar. 29-30, 6 a. m. to 10 a. m 

71. 0 

102 

Mar., 27, 9 a. m. to'i p. m 

Mar. 30, a. m 

71. 0 

69s 

Do 

Mar, 30, a, m., to Mar. 31, a. m 

71. 0 

28 

Do 

Mar. 31-Apr. 1, 9 a. m. to 8 a. m 

71. 0 

3 

Do 

Apr. 1-2, 9 a. m. to 8 a. m . ....... 

71. 0 


Mar. 27, a. m. 

Mar. 31, a. m 

71. 0 

102 

May 19, 3 p, m. to 6 p. m 

May 22, 7 a. m. to 10 a. m. 

76. 0 

.176 ' 

May 12-13, 3 p. m. to 12 m . . . . . . 

May 15, a. m . . . 

75.0 

m 

Do. . 

May 15-16, 2 p. m. to 8 a. m 

75 - 0 


June 17-18, 4 p. m. to8a. m. . . . . . 

June 20, II a. m 

77. 0 

2 

Do. . . ..................... 

June 19-20, 6 p. m. to 8 a. m 

77. 3 

44 

June 18, 1.30p.m. to 3.30 p. m. . . . 

June 20-21, 6 p. 111. to 8 a. m 

77. 0 

90 

June 19, loa. m. to I p. m 

June 21-22, 6 p. m. to 8 a. m 

76, 6 

,72 

June 19-20, 4p.m. to 8.30 a.m. . . . 

June 21-22, 6 p. m. to 9 a. m 

77. 0 

77 

June 20, 9 a. m, to 4 p. m ...... . 

June 22-23, 6 p. m. to 7 .30 a. m 

77. 0 

60 

June 23, 10 a. m. to 4 p. m 

June 25-26, 6 p. m. to 6 a. m 

76. 8 

" 12 

Do 

June 26, 7 a. m. to 11.43 a. m 

76. 8 

63 ' 

June 24, 1.30 p.m.to 4.30 p.m 

June 26-27, 4.30 p. m. to 6 a. m 

77.0 

' 24 ,^ 

134 

July I, 1.30 p. m. to5p. m 

July 15, 3.30 p. m. to 4.30 p.m 

July 3~4, 5 p. m. to 6.30 a. m 

July 17, 4.30 p. m. to 6 p, m 

77. 0 

78. 9 

128 

Do 

July 17, 6 p. m. to S p. m 

78. 9 

20 

Do 

July 17, 9 p. m. to 10 p. m 

78.9 
1 ^- 3 

12 

Do . ' ' 

July 18, 10 a. m to 4 p. In 

74 

July 15-16, 12 m. to 5 p. m. 

July 18..... 

80. 0 

',18 

Do 

July 19, a. m. 

70 8 




/y* ^ 

2 

Do. . 

July 19, 9 a. m. to I p. m 

^ '79. 8 

2 

Do. 

July 30 , p. m. 

*70 C 

lOI 

Nov. 13-14, 4p. m. topa, m ■ 

Nov. 16. 2 a. m. to 6 a. m 

/y* j 

. 10 

Do 

Nov. 16, 6 a. m. to II a. m 

/ 0 «5 

7 S- S 

■3j'44S 





Plate XLV, figure 2, is reproduced from a photograph of an apple that 
had been hung in a jar with flies for one day. Each dark spot repre- 
sents a puncture. The entire apple was estimated to contain over 2,000 
eggs. As the females live over long periods and oviposit freely through- 
out life eggs may easily be obtained daily for parasitic work while 
experimenters are en route from one country to another. Apples are 
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probably the most satisfactory fruit for egg deposition during a voyage^ 
as they may be had at almost all points and they keep for a considerable 
length of time. While the female shows decided preference for certain 
fruits, she will oviposit, when, forced., in almost any fruit if oviposition is 
not prevented by physical conditions. Fruit in a hard and semiripe 
condition is better for oviposition than fully ripe fruit, as the latter is 
likely to be more juicy, and very juicy fruits often cause a high mortalit}’' 
among eggs and young larvae. 

During very warm weather eggs hatch in about two days. It will be 
seen, however, from the data in Table V that the length of the egg stage 
is considerably increased by lower temperatures. 

At a mean temperature of 78.9^ P. 134 eggs hatched betvreen 49 and 50 
hours after being deposited, although 12 eggs deposited at the same time 
did not hatch until from 66 to 72 hours. At a mean temperature of 
71® F. 695 eggs hatched within 72 hours, while 3 hatched in from 120 to 
144 hours, or about 6 days after deposition. Eight eggs hatched between 
4 and days after deposition at a mean temperature of 68.7°. At 59® 
to 62° eggs hatched in cold storage in from 5 to 7 days, and at 54° to 57° 
in from 7 to 14 days after deposition. 

bARV.^ 

The larvae pass through three instars, which may be readily distin- 
guished. Of chief interest in connection with this paper is the length of 
larval life. The data in Table VI show that this may be as short as 5 or 
6 days when the mean temperatures average about 77° F, One larva at 
this temperature required 14 days to become full grown. 

The character of the fruit often influences the length of the larval stage. 
Ill citrous fruits, especially in limes and lemons, it appears to be longer. 
Thus larvse require 14 to 26 days to reach maturity in a ripe lemon, as 
compared with 10 to 15 days in a green peach. Citrous fruits, howevetj 
are not desirable for rearing work with either flies or their egg parasites. 
For successful rearing work, where it is desired to prolong the length of 
larval life by slightly lowered temperatures, adults should not be permitted 
to lay more than 50 to 150 eggs in such fruits as the apple. The feeding 
of larvse in overinfested fruits brings about such a rapid decay that few' 
become well grown. M 56*^ to 57° F. larvae have become Ml grown and ,, 
emerged from slightly infested apples in a refrigerator over a ■ period ■ 
ranging from 36 to 53 days after hatching. 
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Tabi^e VI . — Duration of the larval stage of the Mediterranean f niit fl^y 


Num- 
ber of 
speci- 
mens 
under 
obser- 
vation. 

Ai>pro3£iniate period of 
development. 

Host fruit. 

Instar 

I. 

Instar 

2. 

Instar 

3 * 

Earval 

stage. 

Mean 

temper- 

ature 

for 

period 
of de- 
velop- 
ment. 

1 

2' 

I 

X 

I 

X 

12 

•I 

I 

r 

1 

4 

3 

i8 

12 

3 

I 

X 

12 

^7 

14 

■20 

8 

3 

3 

■2 

X 

I 

Jttne 12 to x8 

Papaya 

Brs. 

38 

36 

36 

48 

26 

48 

48 

48 

48 

48 

Brs, 

36 

48 

48 

48 

30 

24 

24 

30 

24 

27*5 

Hfs. 

48 

48 

48 

48 

72 

72 

96 

96 

216 

264 

Days, 

5 * ^ 
5-5 
5 - 5 
6. 0 

' 5-3 

6. 0 
7.0 

7. 2 
12. 0 
14+ 

10 

11 

r 

7 . 

10 

11 

12 

13 

IS 

14 

15 

16 

17 

18 

19 , 

20 

21 

22 

26 

°F. 

77.6 

77.6 

77.6 

77.6 
76. 4 

76.4 

76. 6 

76. 6 

77.0 

77. J 
77,2 
77*2 
77-4 
77-8 

77-7 

69.6 
69.8 

70. 0 
70*3 
71. 0 
70,, 2 

3 

70^3 

70.4 
70.4 

70*5 

70*5 

70.4 

70.4 

70. 4 

Do 

do 

Do 

. . . . .do 

Do 

. . . . .do. . - 

Ttine IQ to 2'? . . ..... 

do 

Do 

do. 

June 19 to 26 ...... . 

do 

June 19 to 27 

do 

June 19 to July i . . . . 

do 

Tunc 10 to Tuly ■?.... 

do 

Jutie 22 to July 2 

Tune 22 to July ^ . 

Green peacli 

do 




June 26 to July 6 

June 26 to July 2 — 
Tune 26 to July 2. .. . 

Hard peacli 




Ripe peacli 





do 




Mar. 31 to Apr. 10. . . 
Mar. 31 to Apr. ii. . . 

Green peach 




do 




Mar. 31 to Apr. 12. . . 

do. 




Mar. 3 1 to Apr. 13 . . . 

do 




Mar. 31 to Apr. 15. . . 

.... .do 




Mar. 13 to 27 

California lemon. . . . 

"i 



Mar. 13 to 28 ...... . 

.... .do 




Mar. 13 to 29 . 

do 




Mar. 13 to 30 

.... .do 




Mar. 12 to .... . . . 

.... .do 




Mar. ' 13 to Apr. i . . . . 

do 




■ Mar. 13 to Apr. 2. . . , 

do. 




Mar. 13 to Apr. 3 . . . . 

do 




Mar. 13 to Apr. 4. . . . 

do 




Mar. 13 to Apr. 8 . . . . 

do 





1 






PLATE XIJV 


Fig. i.—Woodea boxes, 14 by 12 by 3 inches in size, used in obtaining pupss of 
fruit files. The upper box, with a coarse screen bottom, contains the infested fruit; 
from which the larvse drop through the screen into the lower box containing dry 
sand. Original. 

Fig. 2.— Contrivance used for keeping the infested fruit free from the sand and 
bringing the emerging larvae to a central container where they may be gathered 
quickly. Original. 
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PLATE XLV 


Fig. 2. — ^Method of keeping adult fruit flies alive over long periods. The jars in 
the lower row contain suspended fruits in which the females readily oviposit. 
Original. 

Fig. 2. — An apple after having been suspended for one day in a jar containing 
Mediterranean fruit flies. Each dark ^ot represents a puncture containing from i 
to 30 eggs. The apple is too heavily infested for practical work in rearing parasites. 
Original. 




RELATION OF SIMULTANEOUS OVULATION TO THE 
PRODUCTION OF DOUBLE-YOLKED EGGS' 

By Maynie R. Curtis, 

Assistant Biologist, Maine Agricultural Experiment Station 

INTRODUCTION 

In an earlier paper ^ it was shown that double-yolked eggs, differ 
greatly in the number of the normal egg envelopes common to the two 
yolks. The explanation w^as then offered that two eggs may come 
together at any level of the oviduct. If the union is anterior to the 
isthmus ring, a double-yolked egg results. It was also pointed out that 
while some of the doubling of eggs is no doubt due to the delay or the 
backward movement of the first egg, nevertheless an unusually rapid 
succession of ovulations is necessary to account for the occurrence of 
double-yolked eggs within a clutch. 

The purpose of this paper is, first, to present further data regarding 
the structural variations in double-yolked eggs and the relation of these 
variations to the functional divisions of the oviduct; and, second, to 
record observations bearing upon the relation betiveen simultaneous 
ovulations and double-yolked egg production. 

CLASSIFICATION OF DOUBLE-YOLKED EGGS BASED ON THE NUMBER 
OF COMMON EGG ENVELOPES 

In the earlier paper ^ it was shown that yolks with separate vitelline 
membranes may have a complete set of common egg envelopes, including 
common chalazal membranes— '‘chalaziferous layers” (Pis. XLVI, fig. 3, 
and XLVII, fig. i); or they may have separate chalazal membranes, aU 
their other envelopes being common (PI. XLVII, fig. 2) ; or they may have 
some separate and some common thick albumen layers (PI. XLVIII, 
fig. i); or finally they may have entirely separate thick albumen layers 
but common egg membrane and shell (PL XLVIII, fig. 2). A large series 
of double-yolked eggs show’-s every possible stage, from cases where the 
two yolks are flattened together so tightly within the common chalazal 
membrane that they resemble a single large yolk to eggs in which the 
doubleness is visible externally by a depressed ring around the shell 
(PL XLIX, fig. i). In such cases there is often a thin fold of membrane 

i Studies on the Physiology of Reproduction in the Boraestic Fowl.— XI. This paper is the eleventh 
in a series published in various biological jouraals and agricultural experiment station bulletins. 

Papers Irom the Biological laboratory of the Maine Agricultural Experiment Station, No, 75. 

^ Curtis, M. R. Studies on the physiology of reproduction in the domestic fowl.— VI. Double- and 
tripie-yolked eggs, /jz Biol Bui, v. 26, no. 2, p. 55-83. 1914. 
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projecting into the albumen at the deepest part of the furrow (PL XLIX^ 
fig, 2). Although the eggs form a continuous series, they can be sepa- 
rated with reasonable accuracy into three classes or types: 

Type I. — Double-yolked eggs having the entire set of egg envelopes 
common to the two yolks. 

Type II. — Double-yolked eggs having all or part of the thick albumen 
common to the two yolks, but with separate clialazal membranes. 

Type III.— Double-yolked eggs in which the yolks have entirely 
separate thick albumen envelopes but a common egg membrane and 
shell. 

RELATION OF THE NATURE OF THE DOUBLING OF THE EGG TO THE 
SEVERAL FUNCTIONAL DIVISIONS OF THE OVIDUCT 

The most obvious interpretation of the various types of doubling 
observed in double-yolked eggs is that the two components may come 
together at any level of the oviduct from the ostium to the isthmus ring. 
The eggs classified as type I arise when the union of the two yolks occurs 
in that part of the duct where chalazal membrane is secreted (probably the 
funnel and funnel neck); type II, when the union is at any level in the 
albumen-secreting region more than the length of the first egg anterior to 
the isthmus ring; and type III, when the union occurs while the first egg 
is passing the isthmus ring. 

Observations of the relation of the egg envelopes were made on nearly 
every double-yolked egg produced at the plant of the Maine Experiment 
Station during the past year. Data were collected on 13 1 eggs with two 
normal yolks and a common egg membrane and a shell. Only 21, or 
16. 03 per cent, were united in a commoa chalazal membrane, showing 
that they had passed practically the entire length of the oviduct together. 
In contrast to this, 93, or 70.99 per cent, had separate chalazal membranes 
but with ail or part of their thick albumen common to the two yolks. 
These eggs showed every possible gradation from two yolks with entirely 
common thick albumen envelopes to cases where the two component 
eggs were contained in a very thin layer of common thick albumen. 
They had apparently come together at every possible level of the duct 
from a point in the funnel where the chalazal membranes are complete 
to a point near the lower end of the albumen-secreting region. vSeveriteen 
eggs, or 12.97 per cent, had entirely separate thick albumen envelopes. 

■■ They ; had evidently Gome'together while the first component was passing 
the isthmus ring. , 

The large proportion of double-yolked eggs with all or part of their 
thick' albumen common to the two yolks is., easily explained'by' the length 
of the portion of the duct in which they itnay come together. ' Aphotograph 
of the oviduct opened out; tO'"Show thC' various,, regions is reproduced ' in ' 
Plate E. ,", There ,is ;no visible:, line .of' demarcation; be tween ■ the. funnel 
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(A)j where the chalazal membrane and chalazas are probably secreted, 
and the albumen-secreting portion (B). There is, however, a difference 
in the general appearance of the glandular ridges and the microscopic 
character of the glands for a distance of 5 to 8 cm. in an adult laying 
barred plymouth rock fowl. There is a definite line of demarcation, 
the isthmus ring (x), where the egg membrane begins to be secreted. The 
length of the duct from the mouth of the funnel to the isthmus ring has 
been determined for 57 normal laying barred plymouth rock fowls. The 
mean length was 46.3 cm. 

The portion of the oviduct in which two yolks can unite and have all the 
egg envelopes common is probably within the length of the funnel — that 
is, from 5 to 8 cm. The portion where they will have all their envelopes 
separate, except the egg membrane and shell, probably roughly approxi- 
mates the length of the first egg when passing into the isthmus, or from 
5 to 7 cm. The union of two eggs in any other part of the duct from the 
ostium to the isthmus ring (30 to 35 cm.) would result in theTormation 
of a double-yolked egg with all or part of the thick albumen common to 
both yolks. If -we take as the means of the above figures 7, 33, and 6 cm. 
and calculate the percentage that each is of the total length from ostium 
to isthmus ring -we shall have the expected percentage of double-yolked 
eggs of each type, if the probability of the union of two yolks is equal at 
every level of the duct. The number and percentage of eggs of each type 
observed and the number and percentage expected on the above assump- 
tion are given in Table I, 


Table I . — Number and percentage observed of each type of douhU-yolked eggs and the 
number and percentage expected^ if there is an equal probability of the union of the two 
components at every level of the oviduct 


T>'pe. 

Number. 

■ ' Percentage. , 

Observed. 

Expected,. 

Observed. 

Expected.- '■ 

I (all egg envelopes commoii) . 

' ■ ■ 21 

I 9 « 94 

16.03 

' IS- 22 

II (separate 'Chalazal membranes; all or .1 





part of thick albumen common) 

93 

93-98 

70.99 

71.74 

Ill (separate thick albumen envelopes; 





common membrane and shell) 

■ 

17. 08 

12.98 

. ,13. 04" 

'Total 

i , 13 1 

■ ' 13 1 . O'O 

100. 00 

1 . , * 

, , 100. 00 


' ■The close 'agreement between thC' data ior the ' eggs ; observed' and 
those expected in each type supports the conclusion that the union of 
the component eggs occurs indiscriminately at all levels of: the oviduct. 
While the eggs observed formed a graded series' and 'the"divisions 'of' 
the'' duct are somewhat ' rough, nevertheless, variations';: in, classification 
.within any possible,: range of observation could . 'not .reverse, "the .conclusion 
that , the short distances' of duct, which 'COuld yield eggs of the "'.'first' .and 
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third type and the comparatively long portion where the union of two 
eggs could result in an egg of the second type are obviously in accord 
with the observed percentage of the eggs of each type. 

THE QUESTION OF THE vSIMULTANEOUS OVULATION OF THE TWO 
YOLKS OF A DOUBLE-YOLKED EGG 

On purely theoretical grounds Parker ^ explains thC' origin of double- 
yolked eggs as the “simultaneous or almost simultaneous discharge of 
two yolks from the same or separate follicles. He suggests that prob- 
ably when the two yolks are inclosed in the same vitelline membrane 
they come from the same follicle, but that when they are in separate 
membranes they are probably from separate follieles. 

Glaser ^ suggests that it is not necessary to assume simultaneous ovula- 
tion in the case of the two yolks of a double-yolked egg, since the first 
yolk may remain in the infundibulum until the next normal ovulation: 
The present author ^ has further suggested, first, that this delay of the 
first egg may occur at any level of the duct anterior to the isthmus ring; 
second j that the first egg may be moved back up the duct by antiperi- 
stalsis; and, third, that a yolk ovulated into the body cavity may be 
later picked up by the funnel and inclosed with its successor in a double- 
yolked egg. 

It is probable that double-yolked eggs arise from some or all of these 
causes. However, as was pointed out in the previous paper at least 
an abnormally close succession of ovulations is necessary to account for 
a daily succession of double-yolked eggs or of double-yolked eggs laid after 
a series of normal daily eggs. 

No bird belonging to the flock of the Maine Experiment Station during 
the last six years lias produced double-yolked eggs on successive days, 
but a large number of fowls have produced double-yolked eggs within 
a series of normal daii}' eggs. For example, fowl No. cK produced a 
double-yolked egg as the seventh egg of a io-e,gg clutch, No. 37M one 
as the vSixth egg of a is-egg clutch, and No. 306IC produced double-yolked 
eggs both as the second and fourth eggs of the same 6-egg clutch. In 
' fact, in, 43, or 36.44 per cent, of the 118 cases' on which we have complete 
data the bird which produced a double-yolked egg had laid a normal 
egg on the preceding day. In these cases it seems certain that the period 
between ovulations must have been much shorter than the normal period, 
Eurther, iii i7,or 14.40 per cent, ^)f the 118 cases the bird laid normal eggs 
on both the preceding and following da3^s. In these cases the evidence 
for a heightened rate of fecundity is unmistakable, although the ovula- 
tions which furnished the yolks for the double-yolked,^egg may not have 
been.simultatieous. 

, ' ^ Barker, O. H. , Bauble' beuS' ' eggs, ' , In Amtr. Nat., v. 40, no. 469, p. 13-25,' x ig, 1906, Bibliography, 

p..25-a5, , 

Glaser, ,Otto. ' The origiu of double-yolked In Mot 'But,' ¥.''34, ao. 3, ''p-'' X75“^^* ' ^ 9 ^- 
■ ' '' ®CurtiS', M. R. ■ 'Op, cit.' 
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POSSIBII.ITY OF A RELATION BETWEEN THE RATE OF FECUNDITY 

AND THE type OF DOUBLING OF THE DOUBLE-YOLKED. EGG 

It has been shown in previous paragraphs, first, that one-sixth of all 
the dotible-yolked eggs show by their structure that the two yolks have 
passed practically the entire length of the oviduct together (16 per cent 
have the complete set of egg envelopes common to the t^vo yolks) ; and, 
second, that in more than one-third (36.44 per cent) of the cases of 
double-yolked eggs the two yolks must have been ovulated at an abnor- 
mally short interval, since these double-yolked eggs were laid on days 
following the production of a normal egg. Or, to put the matter in 
another rvay, in 43 out of 118 cases the tW'O yolks must have been ovu- 
lated in less than the normal time, while in only 19 cases did the two 
yolks pass the entire length of the oviduct together. The anal3^sis may 
«be carried still farther: Of the 43 cases in which an egg had been laid 
on the preceding day only 7, or 16.28 per cent, v’ere eggs with the two 
yolks inclosed in common chalazal membranes — that is, even where we 
have evidence from the egg record of the fowl that the ovulations must 
have been unusually rapid the structure of the egg indicates that they 
were simultaneous in only a small percentage of the cases. This is 
shown in the first column of Table II. This column also shows that in 
a few of these cases the entire thick albumen envelopes of the two yolks 
are separate. This indicates that the two eggs have not united until 
very near the end of the albumen-secreting portion of the oviduct. " 


Table II —Mtimber and percentage of each type of doubk-y olked eggs occurring as single 
eggs, or preceded or followed within one day by a normal egg 


Type. 

1 

; Cases in wMch a 
; double-yolked 

1 egg occurred 
on tbe day 

1 following a 
normal egg, ! 

Cases in ■wbicb a 
normal egg was , 
laid on the day 
following, but 
not on the day | 
preceding the i 
double-yolked i 
egg. ' 

Cases in which a 
double-yolked 
egg occurred 
as a single egg. 

t 

pouble- 
yolked 
eggs ob- 
served. 

Percent- 
age of 
total. 


Num- 
1 ber. 

; 1 

Per 

cent. 

Num- 

ber. 

Per 

cent, i 

j 

Num- 

ber. 

1 ' Per 

1 cent. 

Total 

nxun- 

ber. 


I ■ (all egg envelopes .com- 


36. S4 


31- 58 


31 - SS 


i 6 .' xo 

mon). 

7 

6 

6 

' 19 

II" (all or. part of thick 









albumen common) .■ : 

III (all of thick albumen 

1 ' 33 

1 

39-76 

.20' 

24. 10 

30 

36. 14 

'■ 83 

' 7 ®*. 34. 

separate) ...J 

,5 ■' 

18. 7 S 

2 

12, 30 : 

II j 

68- 

16' 

13 ' S6 

Total....... 

, 

43 

36-44 

28 

23- 73 

'' '. 47 "''' 

39 - 83 ' 

118 

100. 00 
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It should be borne in mind that the structure of the egg can not be used 
to measure the time between ovulations. It only registers the level of 
the oviduct where, the two eggs come together. Further, the author ^ 
has called attention to the fact that it is necessary to assume a difference 
in the rate of the passage of the two eggs through the oviduct, in order 
to account, for the union of two yolks which did not enter siniiiltaiieotisly. 
Nevertheless, it seems certain that in cases where the eggs do not' unite 
at the upper end of the duct the time of entrance of the two yolks must 
have been separated by a measurable period. 

Table II also sliow^s that some of each type of double-yolked eggs are 
produced as single eggs, some on the day after a normal egg was laid, 
and some on a day followed but not preceded by a normal egg. About 
one-third of the eggs of both type I and type II w^ere produced in each of 
the three relations to the production of normal eggs, but more than two-*, 
thirds of the eggs of type III w^ere single eggs. 

This suggests that, while eggs of all types, including type III, may 
result from a heightened rate of fecundity, the most usual cause of the 
doubling of eggs at the end of the albumen portion is an abnormal delay 
of the first egg in the oviduct. 

In this section it has been shown, first, that there is a certain, though 
small, percentage of the cases of double-yolked eggs in which, judging 
from the egg structure, the two yolks probably entered the oviduct 
practically simultaneously, and, second, that there is a still larger per- 
centage of cases where, as shown by the egg records of the bird, the tw-o 
ovulations must have occurred within afew (threeorfour) hours. It seems 
certain that in all cases of the simultaneous ovulation of two yolks the 
complete set of egg envelopes is common to the tw'o. Yet neither the 
structure of the egg nor the egg record of the bird can prove absolutely 
that the time between ovulations has not been considerably reduced. 

OVARIAN RELATION OF THE TWO FOLLICLES WHICH FURNISH THE 
YOLKS FOR A DOUBLE-YOLKED EGG 

Glaser^ described the pathological ovary of a bird wdiich habitually 
laid double-yolked eggs. He concluded that in this'' case the doiible- 
'yolked eggs arose from follicles secondarily fused. The secondary fusion 
of follicles resulted in a common blood supply which, when associated 
with 'a. common state of ' permeability in the two ova, resulted in'their 
.simultaneous 'maturity and discharge. That the condition at 'autopsy 
:of the ovary described . by Glaser warrants the assumption that the '.second- 
ary fusion of the follicles resulted in a common blood supply which was an 
important factor in the synchronous maturity and wulation of yolks 
may,' perhaps, .'be questioned. . ' But at least it, offers a' s'uggestiorr in 
regard to the origin of double-yolked eggs which is open to investigation. 

'.2 Glaser, „ Otto..'' 'Op. dt.:'' 


Curtis, MIR. '' O.p, dt. 
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Some observations have been made at this laboratory upon the relation 
of the two follicles occurring in normal ovaries which have furnished the 
yolks for double-yolked eggs. 

A young pullet, No. 1825 (1913 chick), laid her first egg at 1.30 p. m, 
on November 20, 1913. This egg was double-yolked. The bird ivas 
killed at 4 p. m. the same afternoon, and the ovary was carefully removed 
and photographed (PL TI, fig. i). It was perfectly normal with a gradu- 
ated series of seven enlarging yolks and two distinct follicles. There 
was no egg in the oviduct. The bases of the two follicles were separated 
by about 15 mm. of ovarian epithelium, which was covered wdth small 
yolks. 

Another pullet, No. 8053 (hatched in 1913), laid a double-yollced egg 
at 3.30 p.m. on November 26, 1913. This was her first egg. At 4.35 
p. m. the bird was killed. There was no egg in the oviduct. Two nor- 
mal separate discharged follicles were present on the ovary (PI. TI, 
fig. 2). The bases of the two follicles were quite distinct, although not 
situated at a great distance from each other. They were supplied by 
separate arteries from the same branch of the ovarian artery. The 
ovary was apparently normal in every respect. It contained a series 
of six enlarging yolks. 

In both these cases the only yolks the bird had ever ovulated were 
the yolks contained in the double-yolked egg. In each case these yolks 
were from separate follicles which had separate blood supplies. 

The study of the structure of the egg and of the egg record of the 
bird has alread}^ led to the conclusion that it is not necessary to assume 
simultaneous ovulation or even an unusually rapid succession of ovula- 
tions, except in a small percentage of the cases of double-yolked egg 
production. It, therefore, is important to consider these points in a 
sludy of the ovarian relation of the follicles. 

In the two cases just discussed the double-yolked eggs were both of 
type II — that is, each yolk was inclosed in an envelope of thick albumen 
and then the two were inclosed in a very thin common envelope of 
thick albumen. Plate XLVIII, figure i, is a reproduction of a photo- 
graph of one of these eggs, that of bird No. 1825. The doubling of 
these eggs had evidently occurred far down in the albumen-secreting 
region of the oviduct. We should not therefore expect that the two 
yolks had been simultaneously ovulated. 

The cases in which there is good reason for suspecting simultaneous 
ovulations are those in which the two yolks are inclosed in a complete 
set , of common envelopes. ■ This shows at least that they have traversed 
the entire length of the oviduct together. 

An egg of this type was produced on- October 18, 1914, by bird No. 
,i 39M (PI. ; XTVI, fig. 3).,:' The common chalazal membrane has, been 
partly torn away, in order to, demonstrate, that,' the',;t,w^o, yolks' have' 
separate vitelline membranes. ' The '.bird laid a iiormhi egg ' 'on , October 
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19 and was killed and examined on the 20th. At the time of autopsy 
there was an egg in the oviduct. The egg record of this bird from 
October i to 20 is as follows: 


October. . . .j 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

1 6 

17 1 

,r8 

19 

20 

Eggs . 

I 


I 


I 

I 


I 

I 

I 

(a) 



I 

I 

1 


\h 1- ! 

I 

^ I 


a Nested, but did not lay. & Donble-yolked egg. <= Egg in oviduct at autopsy. 


Plate I^lly figure i, shows the ovary of this bird. The ovary is 
perfectly normal, with a series of six enlarging yolks. As would be 
expected from the egg record, several discharged follicles were found, 
ranging in size, as in other normal ovaries, from the large one just dis- 
charged to those barely visible. The seven largest can be arranged 
according to size and associated wdth the eggs laid from October 14 to 20. 
Follicle A is much the largest and no doubt furnished the yolk found iH' 
the oviduct. Follicle B is next in size and evidently furnished the yolk 
for the egg laid on the i9tli. Follicles C and C' are practically equal in 
size and probably furnished the two yolks for the double-yolked egg. on 
the 18th. Follicles D, E, and F continue the decreasing series and 
probably furnished, respectwely, the yolks for the eggs on October 16, 
15, and 14, All the other discharged follicles are distinctly smaller. 

Every follicle on the ovary was carefully’' examined for evidence of 
the fusion of follicles or of a common blood supply. (The bird had been 
injected with starch solution.) All the follicles on the ovary had sepa- 
rate stalks and each had a single cavity. Follicles B, C, C', D, and Ej 
in common with all the other follicles in that part of the ovary, were 
supplied by separate small branches from a single large branch of the 
ovarian artery. 

There is, then, in this case no evidence that the clouble-yolked egg 
has arisen from a fusion of follicles or from a common blood supply, 
although the structure of the egg indicates that the two yolks have 
■passed the full length, of the oviduct together. 

■ .Since there ' is evidence of simultaneous ovulatioiis in less than one- 
sixth of the cases of , double-yolked egg production and since even in 
such a case the tw^o follicles may be quite .distinct, tv70 simiiltaiieoiis 
■ovulations resulting from the fusion, of ' follicles are at least a very iiiitisual 
cause for the production of a double-yolked egg. 

NATURE OF THE FOULICEE WHICH PRO'DUCED A, LARGE YOLK WITH 

TWO GERM DISKS 

A study of all the abnormal eggs produced at the Maine. Experiment 
Station.siiows that the doubling of an egg in the ■ ovary is rare.' ■ An egg 
belonging to this class was laid' on. March i,, , i'9i4,' by Bird No. 31 iK., 
.Externally this ■' egg.' resembled' ■ a, doubk-yolked ' egg,' ' ' Its .'weight : was 
82.25 ,gm. It contained' one single’ very large , yolk'' (weight 30.12 gm.),' 
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witli two large and apparently normal germ disks (PL XI/VIj fig. i). 
There was a thin white line visible only part way around the yolk but 
passing between the two disks and standing out plainly in this region. 
The size of the yolk, the presence of two germ disks,, and this line were 
the only evidences of doubling. The vitelline membrane was punctured 
and the yolk removed. The membrane was washed out carefully mth 
salt solution. It contained a single cavity, with no suggestion of doubling, 
except the slight thickening seen as a white line on the surface of the 
yolk. The weight of albumen and shell, 44.47 and 7.66 gm., respectively, 
was comparable to the weight of these parts in a double-yolked egg 
where the two yolks are separate. 

This egg clearly belongs to the first class described by Immerman ^ in 
which the two yolks are in a single vitelline membrane. 

The bird which laid this egg was killed at 1 1 a. m. on the following 
day. A normal egg weighing 45.81 gm. was in the shell gland. The 
yolk of this egg w^as normal, having a single germ disk. It weighed 
17.7 gm., which' is about 59 per cent of the weight of the yolk with the 
two germ, disks. The egg contained as yet only a small amount of thin 
albumen and no visible shell. It had e\ddently just entered the shell 
gland. The contained \^oik had without doubt been ovulated the 
morning of the da\’ the bird was killed, or about 48 hours after the 
ovulation of the yolk with the two germ disks. The egg would not have 
been laid until the second day following the one on which the large egg 
was laid. 

The ovar}^ of this bird is shown, in Plate LII, figure 2. Two of the 
enlarging yolks have been removed, in order to show the follicles. Only 
three large follicles were present., ' Two of these, A and, B, were about 
the same size, A being somewhat larger. ■ The stalk of the third,: which 
was considerably smaller, is seen at C. Either A or B must have fur- 
nished the yolk with the two germ disks. ' 'This yolk was' nearly , twice the 
size of the normal yolk in the oviduct. ■' In the time, 'which elapsed between 
the two ovulations the follicle which had produced this .'enormous yolk 
had been resorbed \o practically the size of the one just ovulated. Neither 
of these follicles, nor in fact any other on the ovary, showed any evidence 
that it was composed' of two fused- follicles. , If the double yolk arose 
from the fusion of two odcytes,' it.. seems probable that this took'place 
at a stage earlier than the formation of the follicle. 

The practically double size of the yolk contained in a .single follicle 
but with two germ disks suggests that the germinal vesicle may be an 
important factor in determining the quantity of yolk deposited within a 
yolk membi'ane. „ ' 

In the domestic fowl the "fusion, .of, follicles in an ovary capable', of' 
■producing .normal yolks. must be of - rare occurrence. The, examination of 
several' hundred ovarieS 'Gf laying .birds has, not iurnished," a single ca'Se. 

Iinmermati, Ferdiiiand. filler DoppeMer'beiia Htthn. . 43 'p.,, s fig. Basel, 1S99,. ,|nawgural Disser- 
'tatiora. 
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In cases of general peritonitis accompanied by visceral adhesions, 
slight superficial adhesions are sometimes found between the follicles 
containing hardened yolk. These follicles could never produce normal 
yolks. 

DEvSCRIFTION of a fusion of youks which may have arisen from 

A FUSED FOUUICLE 

A small egg weighing only 19.88 gm. was laid on October 19, 1913, 
by bird No. 19K. This egg contained the double yolk shown in Plate 
XI/VI, figure 2, and weighed only 1.45 gm. Neither part had a visible 
germ disk. The vitelline membranes w^ere fused at the point of contact 
and there was a communication between the cavities of the two yolks, if 
they were actually ' separate yolks. The bird had been laying normal 
eggs and continued to do so. Why this very immature pair of yolks 
was ovulated is difficult to understand. Since the bird was not killed^ 
the nature of the follicle which furnished them is not known. 

This and the preceding case are the only ones which have come under 
out observation in which the two yolks were inclosed in a common 
vitelline membrane. 

COHCLUSIONvS . 

The various kinds of evidence given in this paper lead to the con- 
clusion, first, that double-yolked eggs sometimes represent a heightened 
rate of fecundity and sometimes an abnormally low physiological tone 
of the oviduct; second, that, even in cases in wffiich the rate of fecundity 
is high, the ovulations are not always simultaneous; third, from the above 
it is apparent that the production of a double-yolked egg can seldom be 
explained as a result of simultaneous ovulations; and, fourth, in cases 
in which we have the best of reasons for suspecting simultaneous ovula- 
tions, the two follicles may be quite distinct. 

It seems quite possible that a heightened rate of fecundity may result 
in ever}^ conceivable shortening of the period between ovulations con- 
sistent with the daily rhythm in the general physiological activities of 
the, bird. Whether it results in the formation of a double-yolked egg is 
no doubt determined by the actual length of the period and the following 
response of the oviduct. 

SUMMARY 

, (i) Double-yolked, eggs with normal separate yolks may have all the 
egg envelopes common to the two, yolks, or they may have some, separate 
and some common envelopes. 

(2) They may be classified with reasonable accuracy into three groups : 

Type I. — ^Double-yolked eggs having the entire set of egg envelopes 
common to 'the two yolks. 

Type, II,— Double-yolked, eggs having separate chalaziferoits layers 'but 
allorpart of the thick albumen. wmmon'tothe'twO'Tblks. ■■ 



]^eb. IS. 191S Simultaneous Ovulation and Double- Y olked Eggs 385 


Type III. — Double-yolked eggs in which the yolks have entirely 
separate thick albumen envelopes but a common egg membrane and 
shell. 

(3) Of the eggs studied 16.03 cent belonged to type I, 70.99' per 
cent to type II, and 12.98 per cent to type III. 

(4) A large series of double-yolked eggs show all gradations within 
and between these groups. 

(5) The most probable interpretation of this phenomenon is that the 
two components unite at any level of the oviduct from the funnel mouth 
to the isthmus ring, 

(6) The conclusion that the union of the component eggs occurs 
indiscriminately at all levels of the oviduct is strongly supported by the 
fact that the percentage of eggs of each type is closely porportional to 
the percentage of the portion of the duct in which the union of two eggs 
would give double-yolked eggs of that type. 

(7) In 36.44 per cent of the double-yolked eggs the ovulations which 
furnished the two yolks must have been separated by an abnormally 
short inter\ml, since a normal egg had been laid on the preceding day. 

(8) An examination of the egg structure, however, shows that the two 
yolks have passed the entire length of the duct together in only 16.28 
per cent of the cases in which the ovulations are known to have been 
usually 'rapid. 

(9) While a heightened rate of fecundity may result in the production 
of an egg of any of the three types, 68.75 per cent of the eggs of type III 
are single eggs. It seems probable that many of them have resulted from 
the delay of the first egg in the oviduct. 

(10) The ovary of each pullet which had just laid a double-yolked egg 
as her first egg contained two normal separate follicles which had separate 
blood supplies. In these cases, however, the doubling of the egg had 
occurred near the end of the albumen-secreting region. 

(11) In a case in which there was evidence from the structure of the 
egg that the two yolks had passed the entire length of the oviduct to- 
gether the two follicles were also quite distinct, with separate blood 
supplies. 

(12) This, together with the fact that in only a small percentage of 
double-yolked ' eggs is there any evidence of ' simultaneous ovulation, 
indicates that the fusion of follicles and a resulting common blood supply 
is by no means the usual cause for the production of a double-yolked egg. 

(13) ' A simple normal follicle furnished the yolk with two germ . disks; 
hence, the fusion of the odcytes (if this was the origin of the two germ 
disks) must' have occurred before the formation of the follicle. ; 



PLATE XLVI 

Fig. I. —Large yolk (weigM, '30. gm..)'witli- two germ disks; found in a large hen^s 

egg. 

Fig. 2 .—Fused immature yolks (weight, 1.45 gm.); found in a small hen^s egg. 

Fig. 3.— Type I double-yoiked egg, showing two yolks with, separate vitellme mem* 
“branes butinclosed in a common chalaziferous layer. The yolks were slightly pressed 
apart before photographing, in ■ order to show that the ■ vitelline 'membranes were 
entirely separate. . 

■■(386) , 
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PLATE XLVII 


Fig, I. — Type I double -yoiked egg, showing two yolks with separate vitelline mem- 
branes but inclosed in a common chalaziferous layer. The yolks were slightly pressed 
apart before photographing, in order to show that the vitelline membranes were 
entirel3^ separate. 

Fig. 2 . — ^T}^pe II doubie-yolked egg. showing two yolks with separate chalazal mem- 
branes but common thick albumen. ■ 



PLATE. XLVIII 

. Fig, "I, —Type II doiible-yolked egg, showing; two .yoliks with some separate , .and 
some common thick albumen envelopes* 

Fig. 2.”~Type III double-yolked egg, showing two yolks with all the thick albiinieri 
separate. ' 






Simultaneous Ovulation and Double-Yolked Eggs 


Plate XLVIII 
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PLATE XLIX 


Fig. I. — She!! of t3rpe III dotible-yolked egg, wLicli shows external evidence of its 
double nature by a seam in the shell. 

Fig. 2.— -The inside of the shell shown in figure i, showing the fold of egg membrane 
which projected between the two component eggs. 



PLATE L 

Oyidiict removed from a laying’ bird and -ctit open along tlie ^point of attiiclinieiit of 
tlie ventral ligament. It is opened back, showing the characteristic glaiiditiar'regioiB, 
/.'L'Fimnel; .B,, alb'timen-secretmg region; -Y, isthmus ring; C, isthmus; £>» shell gla ml; 
and E, vagina.'" , 



Plate L 
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PLATE LI 


Fig. I. — Ovary of a pullet, showing tiie follicles which produced the yolks for the 
double-yolked egg shown in Plate XLVIII, figure i. 

Fig. 2. — Ovary of a pullet, showing follicles which produced tiie yolks for a double- 
yolked egg vsimilar in structure to the one shown in Plate Xl/Vill, figure 2. ; 
7r)012°-d5~^^ 



PLATE LII 


Fig. I. — of a pullet, showing a series, of rcsorbing follicles^ two of wMdi 
(probably C and C^) .produced the .yolks for tbe doubk-yolkcd egg shown in Plate 
XL¥I, -figure ^. 

' Fig. ,2 .— Ovaiyv of a .bird, sliowing the' two ■ largest xesorbing follicles, one ol wkidi 
produced' the yolk wd.t1i two germ disks shown in Plate XLA^I , hgtire i . 
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BRACHYSM. A HEREDITARY DEF 0 RMI 1 Y OF COTTON 

AND OTHER PEANRS 


By O. F* Cook, 

Bumonml in Charge (g^iceUmniization ami Adap Union of Crop PlmUs and Cotton- 
Breeding fnvesidgalions, Btmmi of PlantA nd its Iry 

The word “bnichysin” is suggested as a name for abnorriial variations 
of plants characterised by shortening of the iiiteniodes, without corre- 
sponding reductions of other parts. Brachysm is to be distiiiguislied 
from iiaiiisiiB or true dwarfing, which involves proportional diiiiiimtions 
of many parts, if not of all Genuine dwarfs, with consistent reductions 
of all of the organs of the plant, Avould have little value for agricultural 
purposes, but inaiiy brachytic varieties are highly prized. In spite of 
their shorter intemodes, brachytic varieties often bear leaves, flowers, 
and fruits as large as plants of normal stature, and sometimes larger. 
Most of the so-called “dwarf/’ or “bush,’’ varieties of peas, beans, 
squashes, tomatoes, and other' garden vegetables represent brachysni 
rather fliari true dwarfing. The “cluster” and “lim1)less” varieties" of 
cotton belong tc.) the same category, and the vSan Ramon coffee of 
Costa Rica affords another example of bracliysm in a woody plant, ■ 

A special interest may be claimed for the cluster and limbless varieties 
of cotton because they seem to throw light- on tlie nature of brachysm. 
and 'similar abnormalities a.S' phenomena of heredity. As brachytic 
varieties arise by niutation 'and show alternative inheritance in' crosses, 
they illustrate two of llie phenomena of heredity that have received much 
attention in recent )^ears. The' morphological and physiological relations 
of sud'i characters must be understood before it is possible to appreciate 
their practical importance in breeding' or their diearing upon- general 
evolutioixary problems. 

SPE-CTAb FEATURES OF BRACHYSM IN COTTON,' 

The special interest that’ attaches to' the'plienomena of '.brachysm' in 
cotton arises from two 'general 'facts: That, the shortening of' the '.inter- 
nodes is usually confined to' the fruiting branches, a'tid that it:' is 'usually 
accompanied by other, abnormalities. 'Dn' account of tthe, '.specialized 
-structure of the .cotton plant, .i.t becomes possible , .to'^ learn more of' the' 
relations of brachysm to other phenomena--' of heredity- than '.if all , of 'the" 
intemodes of ' the^ plant were .affected and, the. other -o,rgans ."reiBatned 
unchanged. ' 

Jotinaalof AgrkttUural'Rt’searcli/' ' Vol. in,,'No.,5'' 

Bept. of , XVfJsWfS^tosi, n. Cf ' ■ ■- Feb. 15, . 1915 - 
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The cotton plant has a definite dimorphism of branches, no flowers or 
boils being produced on the main stalk or the vegetati\'e branches.' The 
main stalk and the vegetative branches of cluster cottons are not short- 
ened, but are often longer in brachytic varieties than in those that iiave 
normal fruiting branches. The leaves of the main stalk and vegetative 
branches of cluster cottons are of normal form, but they are larger, of 
thicker texture, and have longer petioles than those of normal long- 
jointed varieties. The axillary buds of noncluster varieties u.sually 
remain dormant or produce long vegetative branches, but in cluster 
cottons they commonly develop into short branches and produce one or 
tw’o bolls. These differences may be considered as direct results of the 
failure of the fruiting branches to make normal growth, for similar changes 
occur in noncluster varieties, in plants that have been severely pruned, 
and also in seedlings that lose their terminal buds through insect injuries 
or by abortion 

The abnormalities that accompany the shortening of the fruiting 
branches in cotton are shown in the forms of the leaves and the involucral 
bracts. The leaves of short-jointed fruiting branches often become 
smaller and more bractlike, while the bracts are often enlarged and leaf- 
like, and show definite indications of the stipular and foliar elements 
that are completely fused in normal bracts. 

Each of the involucral bracts of a cotton plant represents a modified 
leaf. The specialized form of the bract results from having the stipules 
of the leaf greatly enlarged, the petiole entirely suppressed, and the 
blade reduced and united with the enlarged stipules. The abnormal 
leaflike bracts and bractlike leaves of cluster cottons show all the stages 
between normal lea%’-es and normal bracts. In such abnormalities there 
is usually an obvious relation between the reduction of the blade or the 
suppression of the lobes of the blade and the enlargement of the stipules 
of the same leaf, and also between abnormalities of the leaf and of the 
involucral bracts of the same intemode. This can be understood by 
comparing Plate LIU, which shows an abnormal reduced leaf and an 
abnormal enlarged bract, with Plate LIV, which shows a leaf and a bract 
of normal size and proportions. The converse, relation is that when the 
bracts take a more leaf-like form, with an enlargement of the middle or 
blade element of the bract, it is almost always accompanied by a 
reduction of the stipular elements, as shown in the leaf-like bract iti 
Plate Till. When one side of a leaf is reduced or has the lobe sup- 

i The dimorp!i.tc specializations of the branches and leaves of the cotton plant have already been ck^ 
scribed. (Cook, O. F.; Dimorphic branches in tropica! crop plants ... D. S. Dept. Agr. Bur. Plant 
Indus. Bui. 19S, 64 p., 9 7 pl. ' Cook, O.. F. Dimorphic leaves of cotton and allied plants ia 

relation to heredity, U.S. Dept. Agr. Bur. Plant Indus. Bui. 221, 59 5 pL 19x1.) 

-Abortion of terminal budsTS a frequent result of a peculiar disorder' of cotton seedlings previously 
described. (Cook, O. F. Deaf-cut, or tomosis, a 'disorder of .cotton seedlings. ■ In U. S. Dept. Agr. Bur. 

Indus. Circ.,1 20, p. 29-34,, I hg. 19JJ,) ' 
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pressed, as in Plate PV, the stipule on the same side of tiie leaf shows a 
corresponding enlargements 

That brach)?'sni in cot:ton is confined to the fruiting branches is doubt- 
less connected witii tlie fact that the fruiting branches have more direct 
relations with tlie floral organs. On account of t!ie definite dimorphism 
of the branches of tire cotton plant, no floral buds are produced on the 
main st:alks or tlie vegetative branches. A study of brachysm in cotton 
seems to indicate tliat such variations represent intemiediate stages or 
combinations of floral and vegetative characters, Brachy tic ' varieties 
have leaves that are more like involticral bracts, and bracts that are 
more like leaves tlian tliose of normal long-jointed varieties. From this 
point of view it is easy to understand that leaves of the fruiting branches 
would be more likely to show abnormal anticipations of the characters 
of the floral bracts than the leaves of the vegetative branches or- the 
main stalks, for these have no floral buds and represent earlier stages 
in the development of the plant. 

INDEPENDENT ORIGINvS OF BRACHYTIC VARIATIONS 

It lias been supposed that all of the cluster'' varieties of cotton 
belong to the saiiie botanical series, but in reality the possession of short- 
jointed fruiting branches is not a reason for supposing that' two varieties 
are related. Brachytic variations are very frequent and have been 
found in so many different species and varieties of cotton that the idea 
of derivation by crossing with a brachytic ancestral type is unwarranted. 

Brachysm is not known as a normal character of any wild species of 
cotton, but seems to follow as one of the results of domestication and 
selection. The same is apparently true in other families of plants. 
Brachytic variations have arisen independently in several different' types 
of peas, beans, squashes, melons, and' other clitnbing and creeping plants. 
It is in such plants tliat the abnormal nature of brachytic variations is, 
most obvious. Under natural conditions,, 'short-jointed variations of 
climbing plants would be placed at a still greater disadvantage than those 
of shrubby plants like 'cotton or coffee. 

If lirachytic 'variatious be supposed to represent the formation of a 
neW' cliaraeter, as assumed in the mutation theory of De Vries, it is^ 'diffi- 
cult 'to,' understand w'liy the same character should arise, suddenly ,iii; so 
many different and luirelatecl types of '.plants. .But if brachysm be .con- 
sidered as 'a defect or failure of normal heredity, it becomes easier' to 
understand that many kinds of plants, ..might bc' subject 'to similar. de- 
rangements.' That the brachytic tendencies should appear. independently' 
.in so many different genera and families of plants '■ makes it rea.so!mbk' 
to look for a general interpretation of thiS' class , of . abnormal 'Variatiom. 

^ A fwrtFer accoutit' of these abiiormalilics, with .Jlgiires soiTie.ef the iuteriwediate forais of bracts md 
'leaves, ttaybcUoiiiKl ia ail earlier foiihetin'.''.'''(ecK)k.,O..F. ■ Heredity aiul wttoii breeding:* " .tT. S. Dept .Air. 
BW. Pkttt ItK'lilS.'Blll. »s6, .ph 4 ^. ■J 9 J 3 «)'. 
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UlIfFERENT degrees OF ERACHYSM 

The interest of brachytic variations as a phenomenon of lieredity is 
increased by the fact that the tendency is manifested in main' different 
degrees. The most extreme form of brachysm is represented fry a com- 
plete abortion of the fruiting branches, but there is an appareiUiy com- 
plete series of stages from these completely sterile monstrosities to the 
normal long-jointed forms. The. strictly cluster or limbless forms have 
the fruiting branches reduced to a single joint or a few very short joints, 
as shown in Plate LVI. From tliis extreme condition the. intermediate 
stages run through the ordinary cluster and semicluster types to those 
that show no reduction of the joints of the. fruiting branches. Even in 
the same field of cotton it is often possible to find a wide range of varia- 
tions in the lengths of the intemodes of the fruiting branches, especially 
in varieties like the King, that produce many brachytic variations. 

In some varieties, such as the Triumph cotton of Texas, the lower 
fruiting branches often show a tendency to brachysm not shared by 
branches farther up. Other varieties show the opposite tendency to form 
long-jointed fruiting branches on the lower part of the stalk and short- 
jointed branches on the upper part. Some varieties that usually have 
long-jointed fruiting branches show the cluster tendency when the 
growth of the plants is restricted by unfavorable conditions, while other 
varieties are always short-jointed. There may also be pronounced irregu- 
larities in the lengths of the joints, even on the same fruiting branch. 
(See Pis. TVII and TVIII.) ' 

In addition to the fundamental difference between the. vegetative and 
fruiting branches, the basal internode of the fruiting branches is generally 
longer than the others and often maintains its length w'hen the others 
are shortened. In a peculiar variety of Egyptian cotton grown in experi- 
mental plantings at Bard, Cal., under the name of Dale, most of the 
fruiting branches develop only this long basal internode, and produce 
only a single boll, the other internodes being aborted. (See PI. EXII.) 
When the leaves, buds, and joints of such branches are supi)ressed, the boll 
appears to be borne on a greatly elongated pedicel. 

The extent to which these abnormalities are often carried may be more 
easily understood by reference to the photographs of the plant shown in 
Plate LXI, figure I. The main stalk was rendered completely sterile 
by the abortion of all of the fruiting branches, though the vegetative 
branches of the same plant produced a few fruiting branches and ripened 
a few' lx>lls Finally the growth of the main stalk was stopped by the 
abortion of the terminal bud. {See PI. EXI, fig. 2.) In more normal 
plants of this variety the single- jointed fruiting branches are often accom- 
panied by one oir two other branches of similar form arising from the 
axillary bud. (See PI. LXIE) case like that shown in 

Plate EXI, the axillary buds abort, as well as the extra-axillary buds 



Feb. is» ‘m5 


Brachysm 


391 


that iiomially produce the fruiting branches. The regulai* abortion of 
these axillary l>iids renders it the more probable that the abortion of the 
terminal bud was not accidental The case shown on the left-hand figure 
of Plate IVXII, the transformation of the terminal bud into a flower bud 
subte.nded by aii abnormal leaf, aiTords still more definite evidence of 
abiiorniality. 


SHORTENING OF INTERNODES BY BROUGHT " 

The iiiteriiocles are aln^ays longxa* under conditions that favor luxuriant 
growth of the plants Ilian where growth is restricted by drought. Though 
this relation is general, some varieties shorten their internodes much 
more than others. T!ie susceptibility to shortening is sometimes so great 
that tlie same variety may be short-jointed like a cluster cotton in some 
places, w^hile under oilier conditions it beliaves as a iioniial long-jointed 
variety. Attention was called some years ago to a case, of this kind in a 
variety called the Pai'ker that had been grown in Texas for several 
seasons as a long-jointed variety, but behaved as a short -jointed or semi- 
cluster variety at Del Rio in the season of 1907.’’- 

The difference between the true brachysm and this false brachysm 
induced by changes of external conditions is that the latter is not inher- 
ited. The false brachysm represents an adaptive change or accommoda- 
tion to the conditions instead of a definite alteration of the expression 
relations of the cliaracters. When whole stocks of 'plants or animals 
respond in the. sa,me way to a change of external conditions, The changes 
are usually i,n the nature of accommodations and are readily reversible. 
But the possibility that an. increase in the number, of heritable varia-' 
tioiis toward bracliysin might be induced -by envi,ro.ri,mental shortening 
of the. fruiting blanches would be worthy of investigation,.. This possi- 
bility is suggested by the fact that individual variations in, the. direction 
.of ttie duster habit appear more- frequently .in some localities .than.. in 
othe,rs in t!,ie. same variety of cotton. ■ Thus, it, was noticed in,, the season 
of ,,1:9,13 tl'iat pla,i:ils of the duster form were of frequent, occurrence in;. 
many fields o:f Durango cotton in the Imperial Valley,, of California, 
whereas, in, a field of Durango' cotton. -a't Deep., Creek, Va., no,' clUwSter 
plants could '.be :romi,d. , ■ 

Other, illustralio, ns of the influence of , 'externa! 'Conditions, are, afforded " 
by if regularities in the lengths of - the internodes -of -'the same ,plant,',",or 
even of the saine branch. .(See'-PL .LVITancl DVIII.) ' • In, such, cases- the 

'"'Tlte Parker variety of eottoii showed a premouneed semiduster habit or.s.horteniugof 'the mternodes 
of-,;tlie fruit brandies, -a u«rtable dejM-rturelrom 'the previous, bdiaviar of, our stoclc-,of this variety, which, 
had, been under, .observation in several different 'localities- in, the' precedinj? 'years. ,' Apart from th'ofact^ 
that ever-y precaution, is taken to. avoid' mistakes'in labeling and, planting the -s'eed, the possibility of error 
in 'tkte'cftse seems to be entirdy dimlaated.by-'the fact that, six-’ diffe,fe'iit sdee'tiom.of, Tarker were-gro:wn 
at ,l>el RiO' and that all 'Of them b«?haved iU' the 'sa»ae,"manne,r W'ith reference, to, this change ,'in -the 'lengths 
of 'thefnsltkg braacheg., ' id«ntlnP':Of 'the,same.'St.inins''froin'.the wme lots, of Seeds in several -other localities 
,-l&-':TeKaa, in 'the'Sft-me scawn prexi weed,, 1*0 such -results,.”''.' Cook,' -'O.' 3 ?.' ' 'Suppressed. and 'i-n'ttti,siied eharae- 
m in cotton' hybrids. 'U. S. r%h..,,'A.gr.., Bur. Fknt :Xn'du.!S. :Bwb' 347. 'P* ':',^009- ' . 
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environmental shortening or false brachysm is often accompanied by 
other abnormalities, like the inherited form of brachysm. On a short 
intemode intercalated between two of normal length the pedicel is likely 
to have a sloping or decurrent base, with the end of the intemode pro- 
longed beyond the insertion of the pedicel, though usually not so much 
as in cluster cottons. 

This irregularity is less difficult to understand when it is remembered 
that the floral bud of each intemode develops in advance of the growth 
of the next intemode. On account of this sequence of development, 
two structural elements may be recognized in the internodes, the tissues 
that are developed early to support the pedicel and those that develop 
somewhat later in connection with the next intemode. If a change to 
more favorable external conditions occurred during the growth of an 
intemode, its effect must be greater upon the part of the internode that 
is the last to reach its full development. Thus, in connection with the 
development of a longer intemode next to a short one, a slight elongation 
of the supporting part of the short intemode would be induced, and a 
resulting tenaon between the two sides of the intemode. This would 
account for the tearing of the tissues at the base of the pedicel, which 
often occurs. Hence, we see that a part of the abnormality of the inter- 
nodes that accompanies brachysm may be capable of a simple mechanical 
explanation, as arising from changes in external conditions during the 
period of development of the affected internodes. 

retention of beasted buds in brachytic varieties 

The facts of brachysm in cotton seem to indicate that the shortening 
of the intemodes of the fruiting branches is in the nature of a premature 
or accelerated expression of the floral character. This view seems 
preferable to the idea that a new character has been substituted for an 
old one in the mechanism of transmission, as usually assumed in theories 
of mutation and Mendelism. That the shortened intemodes partake of 
the nature of the pedicels of the flowers is indicated not only by their 
reduced length but by the fact that they are often completely fused with 
the pedicels. At the base of a normal pedicel is a joint or layer of spe- 
cialized tissue indicated externally by the absence of hairs and oil glands 
from the surface, but in cluster cottons the formation of this specialized 
layer is irregular. It is one of the recognized peculiarities of cluster 
cottons that abortive buds and those that are infested by boll-weevil 
larvae often remain attached to the plant, whereas in varieties with nor- 
mal f ruiting branches the blasted buds are soon shed. The lack of definite 
differentiation between the pedicels and the joints of the branches is 
responsible for the more frequent retention of the buds in cluster varieties. 

Normal shedding of the buds takes place by the formation of a circular 
fissure at the base of the pedicel, the subsequent wilting of the bud, and 
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the breaking away of the central pith of the joint. The circular fissure is 
formed just above the slight ridge or rim that connects the base of the 
stipules, the position being marked in advance, as already stated, by a 
narrow zone of smooth skin without any of the hairs and oil glands that 
are scattered over all of the neighboring surfaces. 

The less definite differentiation of intemodes and pedicels in cluster 
varieties often interferes with the fonnation of a normal circular fissure 
for the shedding of the abortive buds, which then remain hanging on 
the plant. The lower side of the base of the pedicel, the side that faces 
the main stalk of the plant, is found to be more or less confluent with the 
surface of the supporting intemode. The zone of smooth tissue that 
indicates the position of the fissure, instead of being circular, may extend 
far down on the intemode; or all indication of a fissure zone may be lack- 
ing, so that the pedicel appears as a direct continuation of the intemode. 
The result of such malformations is that the blasted buds, instead of 
promptly falling off, turn brown and shrivel while still attached to the 
plant. 

The casual observer is likely to suppose that the shriveled buds have 
been stricken by a blight, and there is often a strip of dead tissue running 
down on the intemode from the base of the withered bud as though a 
bacterial or fungous disease were extending along the branch. Though 
often mistaken for a diseased condition, such injuries are merely the 
mechanical consequences of the abnormal stnicture of the intemode and 
the failure to form a properly specialized joint between the intemode 
and the pedicel of the floral bud. The formation of the joint is usually 
indicated, for the death of the epidermis commonly follows a definite 
line, even when the bud does not drop off. A complete separation of the 
underlying tissues allows the shriveled bud to fall away eventually, 
leaving a long scar extending down the internode, instead of a normal 
circular scar at the end of the intemode. (See PI. LVIII.) 

Decurrent pedicels are not confined to brachytic varieties, but are often 
found in abnonnal individuals of long-jointed varieties, though usually 
the intemodes that have the decurrent pedicels are shorter, and other 
indications of abnormality may be present. Thus, in connection with 
the examples of decurrent pedicels shown in Plate LVIII there is an 
abnormal inequality in the lengths of the intemodes, one being about 
five times as long as the others.* 

MORPHOTOGY OF OECURRENT PEDICELS 

As already noted, extreme cases are sometimes found in which the 
pedicels are not only decurrent upon the intemodes but seem to lose their 

I'A ,somcwl»t different Interpretation oi the deettfrent .pedicels of' the cotton plant presented' hj ' 
Frot Francis Afoiwlssicaj. 
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terminal positions and to arise from intermediate points. Examination 
of sttch cases at first suggested the idea that the floral bud might belong 
morphologically to the next iiiternode below. In this view the pedicel 
would be merely coalesced with the supporting internode, instead of 
being produced from it. The branch morphology of tlie cotton plant is 
imusitally complicated on account of the dimorphism of the branches 
and the extra-axillar}^ position of the 'flora! buds and of tlie buds that 
give rise to the fruiting branches^ 

The assignment of the floral bud to the internode below seems to be 
forbidden by^ the fact that when the base of the pedicel becomes dectirrent 
upon the supporting internode the stipule that subtends the pedicel and 
the, stipular rim that incloses the base of the pedicel also become elongated 
and dectirrent along the side of the internode. Thus, instead of merely 
a lower insertion of the flower bud, the whole internocle is modified, and 
the nature of the iiiodification makes it clear that tlie floral bud is borru' 
normally above the stipular rim. 

Though other fami'lies of plants afford instances where flower stalks or 
floral branches remain united with the basal portion of the next internode, 
it is very difficult to believe that an adnate or coalesced pedicel wottkl 
be able to surmount the stipular rim and climb, so to speak, into the axil 
of the leaf of the internode with which it had become coalcvsced. In. rare 
cases the pedicel of a cotton boll is joined to the iiiternode above, but the 
result is clearly abnormal, and lends no support to the theory of coales- 
cence of pedicels and internodes as a normal condition. (See PL LX.) A 
pedicel that is united with an internode is usually longer than the normal 
pedicels, while the internode is shorter than the others and is turned from 
its normal position to follow^ the direction of the pedicel to wiiich it is 
attached*. There is no tendency in these adherent pedicels to form an 
ingle or a joint at the end of the internode, as.iiiiglit be expected if the 
theory of coalesce,nce were correct. 

, , The p,resence of' a ffow’-er bud on thC' basal iiiternode of fruiting b,ra'nclies 
:o,ffers another difficulty under the' theory of coalesce,nce. If it were 
assumed, that each floral: bud belongs, , not to the supporting, internode, 
'■■but to the one lower down, it would, necessarily follow that thcrfloral bud 
,of,'the basal joint ofmTruiting bra,nch , could not belong morphologically 
■ to the frui.ting' branch' ■at 'all,, but must be assigned to the main stalk 'or 
the vegetative branch' from which the ■fruiting branch is producd. ■■ This, 
.suppositio'U .would . add new' elemen'ts^^', ■of , complexity to the ,■' structural' 
■morphology of the. cotton plant, , already,' sufficiently, complicated'. , ■ 

„ ,'::,BRACHYSM, ACGOMP^ BY .'FASCIATI'ON AND' ■ ADHESION' 

■■ Eurther , reasons, „for' looking" upon, brachysm; as, a^, '.failure, of' ,normal 
differentiation ' of ...parts,',, are; ■found’,, in the :of , .tfie' 

: i Q k)!', O.'F. ■ l\rorplio!ogy c^'cotfco'a bratiehes.". ,/«' U- a^Dept. Agr.Bur.'3?iam'ltidtls.Circ. loo, 

■■■,■■ ■, , ' 
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branches that often accompany brachytic variations and are of very 
frequent occurrence in cluster varieties. Fasciation, or duplication of 
parts, appears in many different stages, ranging from simple forking of 
inteniodes or pedicels to inclusion of two flowers in the same involucre, 
or two bolls in the same calyx, or to an abnormal increase of the number 
of carpelsd 

Sometimes the fasciated internodes remain united for their whole 
length and bear two leaves at the end, like the internodes of opposite- 
leaved plants. In rare cases double intemodes.bear two flowers or bolls, 
tiioiigli usually the floral buds of abdominal internodes are aborted. (See 
PL FIX.) ' 

Union between the pedicel of a boll and the next internode of the fruit- 
ing branch is another abnormality to which reference has already been 
inadc. Adhesion occurs in connection with brachysm, though it also 
appears occasionally in connection with short joints in noncluster varieties. 
It is more likely to be noticed in such cases because of the contrast with 
the normal joints of the branch. Doubtless as a result of the fact that 
the pedicel of the floral bud develops normally in advance of the next 
joint of the branch, these adherent internodes are bent upward in the 
direction of the pedicels to which they are joined and form a distinct 
angle or elbow with the preceding internode of the branch. (See Pi. LX.) 
It is evident in such cases that the abnormality involves something more 
than a mere adhesion of the epidermal tissues, for the affected internodes 
are much shorter than the others, arid even shorter than the pedicel to 
which they are united. In most cases the short joints lose their floral 
buds or young bolls by abortion. 

analogy between brachytic .variations and hybrids,.:'. 

The fact that the shortening of. the inteniodes is sO' of ten 'accompanied 
by, abnormal kaves and involucres suggested the view, here advanced, 
that brachysm represents a failure- to maintain the, normal specializa- 
tions .of the parts. Considered as 'examples' of intertnediate expression 
of clmracters, tlie shortened internodes and abnormal, involucres of "the: 
cluster cottons .afford a suggestive analogy .with, the abnorm.aMntemie,-,' 
diate forms ' of branches and involucres tliat ''Often appear , in „ hybrids, 
.between- divense species' of cotton. .This 'analogy may be supported- by 
the fact' that sterility, .or blasting' 'of the' buds or the young bolls-, -is very- 
frequent in brachytic,'; varieties 'of- cotton,'' as well' as -in hybrids., and ' is 
especially ,comraon ' in .involucres. That have 'the 'abiiorinal,' intermediate 
forms of, bracts, ' ,v''r 

' The idea .that, short- join ted variations 'differ', from the: parent ./-stockS' 
ill ;only t'Ms'-o'ne character', "as- often, :assu,med by writers ■on-'''Men,deHsm', 'is' 

' .'FEeasoii'S 'fcr-lpoking i'i£>o,rOasdatiott'as.a sympfcom'-of .degmetatioii' b;aTe'bceii',"pvett by'.'ri'iouiasMeeliaix'. 
(SclencCk v. '3,, fip. '70, p."694.,. '' 5884.) ' .Meebau < 5 oticlttded' that '‘'ai'asdated .bmndi' Is m imiwrR'ct and i>«~ 
oodcws.attempt-to'eirtpf an.tlMV-ftoweriag or'reptoductive sta-8:e.'.*r 
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evidently not true of brachytic variations of cotton. While it may be 
that the mutations of other plants do not show changes in so many char- 
acters in connection with brachysm, the general fact seems to be that 
mutative changes affect several characters at once, instead of one charac- 
ter alone. It is possible, of course, to disregard the other differences and 
thus simplify the discussion of the Mendelian phenomena by giving 
exclusive attention to single differences, but many of the statements that 
have been made give a very misleading idea of the nature of mutative 
variations.^ 

In normal cotton plants there are sharp contrasts in length between the 
internodes that form the joints of the fruiting branches and those that 
form the pedicels of the flowers, just as there are definite differences in 
form and structure between the foliage leaves and the specialized leaves 
that constitute the involucre. In brachytic varieties these contrasts 
become less marked. The changes of characters are all in the direction 
of reduced specialization of intemodes. Instead of the normally con- 
trasted expression of the characters of the different kinds of intemodes 
represented in the normal branches and floral parts, there is a reduced 
contrast or intermediate expression of the characters, resulting in the 
formation of abnormal intemodes. Variations of this kind, resulting 
from intermediate expressions of characters that are normally distinct or 
separate in expression, may be described as metaphanic variations. 
These would form a general class of abnormalities to include brachysm 
and other similar aberrations of herddity. 

BRACHYSM AND HOMOEOSIS 

The nearest approach to a recognition of metaphanic variations as 
representing intermediate expression of characters, as a general factor in 
heredity, is probably to be found in the theory of translocation of char- 
acters, or homoeosis, brought forward a few years ago by Dr. R. G. 
Teavitt. The theory of homoeosis is that “a character or a system of 
organization -which has been evolved in one part of the body is transferred, 
ready-made, tc another part.” ® 

The theory of homoeosis might be applied to the phenomena of 
brachysm in cotton by considering that a partial translocation or homoeo- 
sis had taken place, for the characters of the intemodes, leaves, and 
involucral bracts are intermediate. The leaves become more bractlike, 
the bracts more leaf-like. But to represent typical cases of homoeosis 
the leaves would need to be replaced by bracts or bracts by leaves, the 

i "*Tiie difference between a tall and a dwarf pea is not the same as the difference between a tall and a 
dwarf man. In a hwman dwarf everything is on a smaller scale than in the normal man. But a dwarf 
pea is not simply a miniature edition, as it were, of a tall one — it differsirom a tall pea in one single char- 
acteristic, the length of the intemodes, i e.,, the 'sections of the^ stem between two nodes, or joints, where the. 
leaves 'are' given off.’" Barbishare, A., I>.. Breeding -and the.Mendelian Discovery.' p. x'ss-is,: I^ndbn* 
New York, wii. . 

' 2 Xeavitt, R. G. A vegetative mutant, and the ^ndple.of' homeosis'in plants. In Bot. Gaz., v. 4.7, 
no. j,,p. 64, 1909.' ' , *■ 
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primary idea being , that of transference of characters from one place to 
another, which is not the same as abnormal or intemiediate expression 
of' characters. I^eavitt’s idea of homoeosis may appear to be in better 
accord with the Mendelian theory of heredity, which assumes that varia- 
tions arise from differences in the transmission of characters, ,but meta- 
phanic variations seem to represent differences in the expression of the 
characters rather than differences in transmission. 

The present interpretation of metaphanic variations is based on the 
recognition of a definite distinction between transmission and expression 
as two essentially different processes, though usually described together 
under the general term “heredity.” Characters are often transmitted 
without being expressed in visible form, as Darwin pointed out. Galton 
made a formal distinction between patent and latent characters — that 
is, between characters that are brought into expression and those that 
are transmitted without being expressed. Latency occurs frequently 
in connection with Mendelian characters and has received much attention 
in recent years, but the importance of the distinction between trans- 
mission and expression is often overlooked and theories of transmission 
are often applied to phenomena that belong to the field of expression. 
With this distinction in mind, the idea suggested by metaphanic variations 
like brachysm is not that the characters of one part have been trans- 
mitted in some irregular manner to another part of the plant, but that 
the normal sequence of changes or contrasts in the expression of the 
characters is no longer observed. It is reasonable to believe that all 
the characters are transmitted to all the parts, including those that usually 
do not serve the purposes of propagation. Each of the internodes of 
the cotton plant is capable of reproducing all the other parts. Prom this 
point of view the idea of translocation or transfer of characters no longer 
seems adequate to account for abnormal intermediate characters like 
brachysm. It seems more reasonable to think of metaphanic variations 
as arising because the characters are being confused or combined in 
expression. ■ '' ■ ' ” ■ 

In connection with the theory of homoeosis Leavitt suggested that the 
translocation of characters from one part of the body of a plant or animal 
to another part opened the way to evolutionary changes, , and many 
examples were given in support of this interpretation. Intermediate 
expression of the characters, involving a loss of specialization or differen- 
tiation of parts, may also be considered as one of the ways in which plants 
may vary and thus initiate evolutionary changes, but reasons have been 
given already for looking upon metaphanic variations as negative or 
degenerative changes of characters rather than as having progressive 
evolutionary value. Instead of being taken as new characters that 
are being added to the mechanism of transmission, metaphanic variations 
may mean that the mechanism of expression has become deranged so 
that the old characters are not normally developed: 
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The prevalence of abortion in cluster cottons is one of the most striking 
evidences of the degenerative nature of such variations. In stroiigh^ 
clustered varieties completely sterile itidividuals are often found, tiic' 
result of abortion of all the buds or young bolls or of all tlie buds wiiicli 
produce fruiting branches. Yet these completely sterile plants are less 
harmful to the stock than the other less abnormal degenerates tliat are 
able to reproduce themselves from seed and also to contaminate their 
neighbors rvith inferior pollen. That cluster cottons should seem more 
unstable than other varieties and more inclined to the production of 
abnormalities is' easier to understand when they are considered as meta- 
phallic variations, representing intermediate expressions of characters 
that are normally distinct, 

AGRICULTURAL DEFECTS OF '‘ CLUvSXER” COTTONS 

Having considered the general nature of the cluster character of cotton 
and the accompanying variations, we are in better position to understand 
the physiological status and practical value of such forms. The first 
impression of cluster varieties is that they are more fruitful, for they, are 
able to set their buds and bolls more rapidly than varieties with normal 
fruiting branches. But when we have learned that brachysm is in the 
nature of a malformation and is frequently accompanied by malforma- 
tions of leaves and bracts and abortion of both the floral and the vegeta- 
tive buds, it becomes apparent that the brachytic variants are to be 
avoided by the breeder, especially when they bear other marks of 
degeneration. 

The limited size and more upright habits of growth make it possible 
for more of the short-branched plants to stand in the same area, and very 
large yields may be obtained udth favorable conditions of soil and seavSon. 
But if the' conditions prove unfavorable, cluster varieties are likely to 
suffer worse than others and to produce smaller crops, so that it is very 
doubtful whether the cluster habit is a practical advantage. The extreme 
forms of clustering are certainly undesirable, for in such varietie's many 
of ' tlie plants are likely To become sterile , through the blasting of all of 
'.;the .buds, the tendency, to abortion being ■ greatest when tmfavorable 
conditions are encountered during the crop season, 

^'Another' agriculto is that ' the ' crowding of the ' bolls 

together makes-vpicking more' difficult. This:' is especially true, of course, 
..when clustering, is uccompanied by-.fasciation' and other ' abnormalities, 
so that ' the, 'bolls.' are malformed or 'misshapen. .' The opening of the bolls 
is, also likely to be irregular, because cluster cottons often produce. many 
,'late bolls on short branches developed from the axils' of the leaves o,f the 
fruiting branches: ', Such' bolls, are' usually undersized, as,weH'„us late in 
■Qpe,ning.' 

■ A:" further obj,ecti,ont,0':the' eluster^'character,''especial^^^ 'long-staple, 

cottons, is that the lint : of .cluster 'varieties, or of , individual vari'atio'RS, in,. 
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the direction of clustering is generally inferior to that of adjacent- non- 
cluster plants. This may be due to the fact already noted, the greater 
susceptibility of cluster plants to unfavorable conditions, owing to their 
restricted vegetative development. Occasional exceptions have been 
noticed, where cluster plants produced lint as good or better than that 
of iioiielustcr tieiglibors, but there can be no ' doubt that the general 
tendency is ill the direction of inferiority of lint. 

CONCLUSIONS 

Brachysm is a term proposed to designate the shortening of the vege- 
tative iiiternodes of plants. It is a hereditary abnormality, indicating 
degeneracy, that has appeared in independent mutative vaiiations in 
many distinct families of plants, including many cultivated forms. 
Bracliytic variations are of frequent occurrence in cotton, giving rise to 
the so-called ‘‘cluster'' and “limbless" varieties, and afford unusually 
favorable opportunities for learning the nature and physiological sig- 
nificance of such variations. 

The shortening of the intemodes of the cotton plant is usually con- 
fined to the fruiting branches without affecting the main stalk or the 
vegetative branches. Brachytic variations occur independently in 
different species and varieties of cotton and do not constitute a natural 
group with a common origin. 

Brachytic varieties of cotton usually show other abnormalities of the 
intemodes, leaves, and involucral bracts. There is also an increased 
tendency to abortion of the floral buds, and the blasted buds often 
remain attached to the plant, because of the absence of well-differentiated 
absciss-layer at the base of the pedicel. 

Though brachytic variations arise by mutative changes in the expression 
of the characters and show alternative Mendelian forms of mheritance, 
they afford no additional support to the general theories of mutation and 
Mendelism as explaining evolution. vStich variations represent reduced 
specialization or intermediate expression of characters and are degen- 
erative- in nature. ■ They are , not to be- considered as examples of normal 
heredity or of the evolution of 'new characters. ,■ The abnormalities ' of 
brachytic variations are analogous to those found among hybrids and 
are likewise accompanied by tendencies to sterility or abortion of buds, 

■' Brachysm is to he associated with other., forms of intermediate expres- 
sion 'of characters, representing a genera!, class of metaphanic -variations. 
A more definite recognition of this class of . variations is desirable 'in "con- 
nection; with ' the investigation of general, problems, of heredity ■' and' 
evolution. 

-.The .agricultural value of braGhytic.' varieties' of cotton is 'impaired, "by 
the tendency 'to 'abnormal 'variations' and 'sterility and. also .by'\the„'fact'' 
that 'the cluster cottons are more 'Severely" affected by unfavorable; "con-' 
ditions.-, ;. Hence,' brachysm is, to be avoide.d.in the breeding ' of sup'erior' 
varieties of cotton. 



PLATE Ivin 


Abnormal sitnple leaf on fruiting braticlr of Egyptian cotton, accompanied by 
abnormal leaf-like bract, remainder of involucre and floral bud removed. Natural 
size. Photograplied by Mr. G. B. Gilbert 
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' PLATi'C UV 

Normal 340'becl leaf of fruiting braiicli of Egyptian cotton » acco-mpaiiied by siorinal, 
mvolucral bract for cotnpiiriscm witli Hate Llil. / Natural size. Pliotograplied' by: 
Mr. G. B.’Giibert. ' . 

' ■ 75012 ''-- 45— 4 



■ PLATE. IvV 

;■ AbBOtmal lestf of !raitmg'braiidi’Of Eg3T*tigmi cotton witL one stipule enlarged and 
the lobe of tlie same side wanting. Natural size..-' ; PLotograplied by Mr. C. B. Gilbert. 
Specimen from Bard, Cal., on October 2, 1913. ■ ' 
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PLATl^ 1.V1 


Briicliytie. braaiclies of, '‘chister'^ cottoxi- (Willets 'Bed Leaf) sliortesied to a, 

si«g!c isiteriiode by ahoitioii of temimal 'biid. Natural sisse. ' Photograplicd by 
Mr. C. B. Doyle* .• ■ ■ ■ 

' Big* I.— Tlie boll at tlie riglit is boni-c by a very sliort .brancli from an asdllary - btid* 
Fig . 2 .---Tlie boll at ,tlie right is borne' by; the shortened fniiti.jig branch. ' Tlie ' left-, 
hand boll, reprc^sents a shortened .'branch in the ^ axil of, the leaf tliat.vSiibtends the frtnt- 
ifig branch. ,' 



PLA.TE Uir 

Normal 'and' bradiytic joints on same, fntiting brancli of 'Uplatid cotton. Natural 
:£lSje*''-:'Pltotograplieci by Mr., C. B. Doyle. Specimen frotii .Bard, Cat,, on October ij, 
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1'lranclit‘S of van;tii«.Mi of' 'lipliijuicottoii, witli alxjrtive buds, rcfraaining 

uttacliei! to bra,iidiffS f:ry di*current pedicels and clongatcM;! bud scars. ■ llie left-baild 
^!bt 1 orm»^ :!ni'q.Uiility in tlu;deBgt1is of . 



. . PLATE. XiX- 

■ .'Portion of , 'bracliytic fruiting: branch ..of Simp'km.s cotton ' producing twin fasciated 
■|)ratiches''itoiii ' an axillary b-ud.," 'The- boll of The 'next 'kitemode' has.'' an, clcaigatcci, 
somewhat decurrent' base, .while .that of 'the third';, inte'riiode. of .tlie’ branch is 'aborted 
md shriveled, only the ■' pedicel ■■'behig-'.shawti, at the left of the plate. ' Natural sf/,e. 
Photographed by ,Mt, ' G,. B . Do'yle. ' . 
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PLATE LX 


Portion of fruiting brancli of Columbia cotton, with one inteniode adnate tO' tlie' 
pedicel of tlie boll of the preceding internode. Specimen from.Easley, S.' C. ' Natural 
size. Jdwtographcd by Mr. C. B. Doyle. 



PLATE LXI 


' 'vEig; ';!. ---Plant of Dale Egyptiaa- cotton^ showing complete abortion of fruiting 
brandies on the main stdk, while the vegetative branches of the same plant produced 
■a few irniting' branches' and ripened 'a few. bolls. : Plant grown at Bard, Cal. Photo- 
graphed by Mr. C. B. 

Fig. 2,— End of main stalk of plant shonm in figure i, showing abortion of temiiiial 
bud and compensatory thickening of- the. petioles. Natural size. , Photographed Isy 
Mr.eB. Doyle.'-''" 
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PLATE LXII 


Ends of main stalks of two plants of Dale Egyptian cotton, showing simple fruiting 
brandies and closely similar axillary fruiting branches. In one case the terminal bud 
was aborted, while in the other it was transformed into a boll subtended by an abnor- 
mal bract-like led with the stipules enlarged and the blade entire, instead of 54obed. 
Plants grown at Bard, Cal, Photographed by Mr. C. B. Doyle. 




ABILITY OF COLON BACILLI TO SURVIVE 

pasteuri2;ation 

JJy S. Hbnry Ayms , Bacteriologist, and W. T. Johnson, Jr., Scientific Assistant, 
Dairy Division, Bureau of Animal Industry 

INTRODUCTION 

The presence of colon bacilli in pasteurized milk is generally inter- 
preted as meaning either that the milk was not properly heated or that 
it was. reinfected after pasteurization by careless handling. This inter- 
pretation is based on the low thermal death point of cultures of Bacillus 
coli. 

Van Geuns (4)* in 1899 found that the Bacillus neapolilanus of Emme- 
rich, the same organism as the B. coli communis of Escherich, was de- 
stroyed by heating for five minutes at 59° C. (138.2° F.) and one minute 
at 62.5° C. (144.5° F.). Based on the work of Van Geuns, Ringeling (6) 
examined 75 samples of pasteurized milk from 24 dairies in Amsterdam 
for the presence of colon bacilli. In 16 per cent of the samples exam- 
ined he found B. coli present. Since colon bacilli were found in pas- 
teurized milk from 10 of the 24 dairies, Ringeling concluded that this 
proportion (41 per cent) of the dairies in Amsterdam did not pasteurize 
or handle the milk properly. 

During recent years numerous investigators have studied cultures of 
B, coli and found that the organisms were easily destroyed at tempera- 
tures below 60° C. (140° F,), which is the lowest pasteurizing tempera- 
ture. 

In a previous study by the writers (i) of the bacteria which survive pas- 
teurization 19 samples of raw milk in sterile flasks were heated for 30 
minutes at 62.8° C. (145° F.). Each sample after pasteurization was 
examined carefully for the presence of colon bacilli, but none were found. 

All these results naturally strengthened the opinion that the presence 
of B. coli in pasteurized milk might be a valuable index as to the efiiciency 
of the process and the care observed in handling the milk after the heat- 
ing process. 

At times, however, it has been found that high temperatures were re- 
quired to destroy cultures of B, coli. Gage and Stoughton (3) in a study 
of the resistance of B. coli to heat found that sometimes cultures were 
destroyed only by heating to temperatures much higher than the usual 
thermal death point. Heat-resistant strains have been also found by 
De Jong and DeGraaff (5). Certain strains with which they worked re- 

. iIMere]aceto'‘%iteraturecitcd'M«'niade'by''iiuttiter, p. 409. 

of Agricultural ' Vol. Ill, No* s 
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quired 30 minutes heating at 7o°-72° C. (158° to i6i.6° P.), in order to 
destroy them. Zelenski (9) also found strains of B. coli which resisted high 
temperatures. 

In view of this uncertainty regarding the thermal death point of £!. 
coli and its relation to pasteurizing temperatures, the following experi- 
mental work concerning the ability of colon bacilli to survive pasteuriza- 
tion was undertaken. The number of cultures used in the experiments 
was 174. 

METHOD OF DETERMINING THE THERMAE DEATH POINT 

The colon cultures were grown first in plain, neutral extract broth for 
18 hours and then inoculated by means of a small-bore pipette into litmus- 
milk tubes. Four drops constituted an inoculation in each milk tube. 
In making the inoculations care was taken not to have any of the culture 
touch or any of the inoculated milk wash upon the sides of the tube, either 
during the handling or during the subsequent heating. 

The inoculated milk tubes, with the exception of the control tubes, 
were heated in a water bath in which the water was agitated, and the tem- 
perature of the milk was recorded in a control tube by a thermometer 
placed in the milk. The temperature in the tubes was not allowed to 
vary more than half a degree in either direction. In all experiments the 
heating period was 30 minutes at a given temperature. After The heat- 
ing, the tubes of milk were quickly cooled to about 10° C. (50” F.) , incu- 
bated at 37° C. (98.6° F.), and the reactions recorded after 24, 48, 72, and 
96 hours. Growth in the tube indicated that the organism was not 
destroyed at the particular temperature to which the milk had been sub- 
jected. In every case the tubes were run in duplicate, and in general 
both tubes had to show growth before the test was considered positive, 
The only exceptions to this were cases in which only one of the tubes 
showed growth after the highest heating temperature; in such cases one 
tube was considered a positive reaction and the organism was recorded 
as surviving the process. 

This method of determining the thermal death point was used, in order 
to render the conditions of heating similar to pasteurization. 

THE THERMAL DEATH POINT OF THE CULTURES AS A WHOLE 

Studies were made of the thermal death point of 174 cultures of cblon 
bacilli isolated from the following sources; 154 from cow feces, 16 from 
milk and cream, 2 from ffies, i from humanfeces, and i from cheese. (The 
cultures were supplied through the courtesy of Mr. X. A, Rogers, in 
charge of the research laboratory of the Dairy Division.) All of the 
organisms would be classified as colon bacilli according to the usual 
cultural tests for Bacillus coli. These cultures, with the exception of 
two not studied and three noted below* were typical colon bacilli of the 
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B. coli communis or cotnmunior type according to the studies of Rogers, 
Clark, and Davis (7), also Rogers, Clark, and Evans (8). The three cultures 
not typical were probably of the B, aerogenes type. The cultures were 
heated in milk as previously described to temperatures ranging from 
51.7° C. (125° E.) to 68.3° C. (155° F.). The results given in Table I 
show the number and percentage of cultures which withstood the differ- 
ent temperatures. 


TabIs I . — Effect of heat on colon haciili — all cultures 



j Bxix>sed for 30 minutes at— 

Ctiltures surviviiiff. 

SI. 7" C. 

(130 F.). 

(x 35 “F.), 

60 ° c. 
(140” F.). 

63.8“ c. 
(x 4 S“F.)* 

65,6" a 

(150^ F.). 

68.3“ c. 
(XSS^F.). 

Number . . . ' 

174 i 

100. 00 1 

m 

99,43 

iS8 
90. 80 

95 
54* 59 

12 

I 

0 


6. 89 

°-S 7 

0 

Per cent. j 



It is seen from the table that 95, or 54.59 per cent of all the cultures, 
survived at 60° C. (140“ P.). This is particularly interesting, since this 
temperature is the lowest used in commercial pasteurization. When 
heated to 62.8° C. (145° F.), 12, or 6.89 per cent, of the cultures survived. 
This temperature of 62.8° C. (145° F.) maintained for 30 minutes is the 
temperature generally used in the process of pasteurization. Only one 
culture survived a temperature of 65.6° C. (150° F.), and this culture 
when heated again failed to survive at this temperature. 

These results are shown more clearly in figure i, where they have been 
plotted. One of the cultures was destroyed at a temperature as low as 
54.5° C. (130° F.). It is interesting to note that at 60° C. (140° F.) 95 
of the cultures survived, while at 62.8° C. (145“ F.) a difference of only 
2.8° C. or 5° F., only 12 survived. In other words, 87.3 per cent of the 
cultures which survived at 60° C. (140° P.) were destroyed at 62.8° C. 
(145° F,). 

It is very evident from these results that colon bacilli may survive the 
process of pasteurization when a temperature of 62.8° C. (145° F.) is used. 

VARIATION IN XHi*; THERMAL DEATH POINT OP THE CULTURES 

In order to determine whether the colon bacilli which survive at 62.8° C. 
(145° F.) would exhibit the same ability in repeated heatings, the same 
cultures were reheated to that temperature six times, with the results 
shown in Table 11. 
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Fk>. t .—Curve showing results of heating cultures of colon bacilli for 30 minutes at various tcinperatufes. 


Table 'II-—*' F aff'a^wfi in the ability of colon bacilli to survive pastmrizaiion for m 
mimites ai 62,8^ C. {^45^ F,) 
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111 tile above experiments two litmus-milk tubes. were inoculated in 
the usual way witli each of the 12 cultures and were heated for 30 minutes 
at 62.8® C. (145® F.). The first experiment shows the., record of the 12 
citltitres which survived in the determination of tlie thermal death point 
of the cultures as a whole. When these 12 cultures were again heated, 
only 4 survived, on the third trial 8, on the fourth trial 6, on the fifth 
trial 9^ancl on the sixth trial none' survived'/ 

These results arc important' since they show that at 62.8"^ C. (145^^ F.) 
colon. bacilli may ,or may not survive a process of pasteu,riz:ation; It is 
evident that. this is a critical temperature and that occasionally colon' 
bacilli may survive, owing in all probability , to the resistance of ' a few 
cells in the culture. This explanation is supported by the figures in the 
summary of Table 11 , in which is seen the number of times that both 
the litmus-milk tubes showed growth ; also when both tubes were nega- 
tive and when one tube was positive and one negative. 

It may be seen, ""also, that the same culture on repeated heating does 
not give the same results. It is evident that certain strains of colon 
bacilli have a thermal death point which is close to 62. 8^^ C. (145° F.), and 
although they represent only a small percentage of the cultures we stud- 
ied, the fact that such cultures exist complicates the colon test for effi- 
ciency of pasteurization. 

The apparent scarcity of these resistant colon bacilli and the fact that 
62,8° C/ (145^ F.) is near their thermal death point explains our failure 
tO'find them, in the samples pasteurized by us under laboratory' conditions, 
as stated previously in this paper. ■ 

t heat ' RBSISTANGE. OF .CObON BACIELI . ■ 

' . From these results it seems that the colon bacilli as a rule have'a low .' 
majority thermal death point and the- cultitres' survive .the'''higher .tem“' 
peratures only by reason, of the resistance of a few ■ cells,.,:; , ■ • . 

Gage and Stoughton (3) foimd this to be true of' a few cultures' which,"' 
they studied, and although they tried' to breed a race.' with a high 'majority 
thermal death- point, their efforts were not s.uccessful We have ''also ,' 
tried to breed a resistant type, but thus .far .witbout"' succeSvS..; .; 

.' ' In ,our experiments 'the therm.al death.point' determinations '.were, made,, 
ill' 'duplicate tubes.' of litmus milk,, and the appearance of .growth' was 
recorded after an incubation, period' of "24, 48, 72, and ,96. hours/. In 'every ' 
case, control tube's not heated showed a marked acid reartion' in . 24;'hoUTS', '. 
but iU' the . heated " tubes with the same ino,culation 'the growth was often 
delayed, ;So that sO'inetimes' no, reaction was noticed" 'until,' 'after 96 hours, 
incubation/ When,;, the reaction was,.'' delayed, it ■ S'howed ' that a portion of 
the bacteria in the milk were' .destroyedhy the 'heatiug/^',,'' When the heat- 
ing has little or no effect, the heated tubes should show a positive reaction 



Journal of Agricultural Research voi. ui, m. s 


in 24 hours the same as the control tubes. In Table III we have recorded 
the percentage of cultures which gave a positive reaction in both of the 
litmus-milk tubes and in only one milk tube after different periods of 
incubation and when heated at different temperatures. 


Tabi.B III.— Effect of heat in relation to the time required for cuUure.t to show growth 


■ Hours of ittcttbatiou. 

I'iibo roactiott. 

S 4 . 5 "C. 

(130" F.). 

(*35" F.). 

60^ c. 
(r4o“' F,). 

C. 

Chs'F.). 



2 tubes + . • 

Per cent. 

92*75 

Per cent. 

28. 34 

Per cent, 

XI. XX 

I*er cent. 

12. 50 

24L 


I tube+. * ^ 
.1 tube — . . . 

. ■ 







14. 17 

26. 98 

0 



[2 tubes+ . . 

5’ Bo 

24. 41 

r.7. 46 

0 

48. 


1 1 tube 4 ' • • • 
[1 tube — * . . 







} X. 45 

59 

20. 63 

62. 50 



fs tubes+ . , 

0 

5 * 


0 



1 1 tube-}- * ♦ • 
lx tube— . . . 





4 * * 


} 

,, 'XI. 03,. 

,19. 06 

25. 00 

96. 

, : T 

r2tubes+. 1 

j I tube+ . • . 
li tube— . . . 

■ .0:' 

0 

, 0 

■ 0 



} ° 

3- 94 

■ ' X. 59: 

, ',0 


'■ ' Total-', . 


too. 00 

100. 00 

100. 00 

' 100. 00 






From the table it will be seen that 92.75 per cent of the cultures 
showed a positive reaction after 24 hours' incubation in both of the 
duplicate tubes when heated at 54.5° C. (130° F.). After 48 hours’ 
incubation 5.8 per cent more of the cultures showed a positive reac- 
tion in both tubes, while 1.45 per cent showed a positive reaction in 
only one of the two tubes. At 62.8° C. (145° F.), however, only a small 
percentage of the cultures were positive after 24 hours. The majority 
required from 48 to 72 hours’ incubation to show growth. This shows 
that a large proportion of the cells were destroyed so that a longer incu- 
bation was necessary to allow bacterial increases sufficient to cause a 
positive reaction. These facts are further supported by the differences 
in the number of cultures in which both duplicate tubes showed a positive 
reaction. At 62.8° C. (145° F.) only a small percentage of the cultures 
showed a positive reaction in both tubes, showing that in many cases 
all the bacteria in one tube were destroyed, while in the duplicate tube 
a few cells only survived. 

It is of interest to note that the colon bacilli are less heat-resistant 
than the streptococci, as is shown in a previous paper (2). 
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THE PRESENCE OF COEON BACILLI AS A TEST OF THE EFFICIENCY 

OF pasteurization 

The growth of colon bacilli which survive pasteurization is a matter 
of considerable importance, particularly when the presence of B. coli 
in pasteurized milk is considered as an index of the efificiency of the 
process. We have therefore studied the effect of pasteurization at 62. 8*^ 
C. (145® F.) on two cultures of colon bacilli' which were known to be able 
to survive heating at that temperature. Flasks of sterile skim milk 
were inoculated with several cubic centimeters of an i8-hour-oM broth 
culture of a colon bacillus. The number of bacteria in the milk was 
determined before heating and again after the pasteurized milk had been 
allowed to stand for 24, 48, and 72 hours at room temperature. The 
bacteria at the end of the 24-hour period were determined by placing as 
high as 3 cubic centimeters in large petri plates. Table IV shows the 
results of an experiment with the two colon cultures, GV and HO. Three 
flasks of milk were inoculated from each culture with the same amount 
of broth, but a bacterial count was made on only one of the three flasks 
before heating. 


TabIvI^ IV . — Growth of Bacillus coli in milk heated for jo mmutes at 62.8^ C, {145^ F.) 
and held at room temperature 


, Culture No. 

Flask. 

Number of bacteria per cubic centimeter. 

Before pasteur- 
ization. 

After pasteurization. 

24 hours. 

48 hours. 

72 hours. 


( ^ 

] 

0 in 3 c. c. 

1,050,000 

20,000,000 

GV 


> 000, 000 

I in 3 c, c. ' 

20,000 

1, 140, 000, 000 


1 3 

J 

.0 in 3 c. c. 

' 

210, 000, 000 

I, 450, 000, 000 


"[ 3:, 

] 

fo in 3 c. c. 1 

61, 000, 000 

I, 750, 000, 000 

HO ' ' 


> 6,000,000 

|o in 2 c. c. 

172, 000, 000 

■ I,, 2 50, 000, OpD 


1 3 

J 

[i in 3 c. c. 

160, 000, 000 

,' ' " 800, OOOj'OOO 


It' may be seen from the table that, although the cultures survived the 
pasteurization 'at' 62.8^ C. (145® 'F.),' there was a . very great cell' destruc- 
tion, 'as the bacterial count. after. 'the' flasks Tiad stood iot: 24 hours at', 
room temperature, was very low. .'However, in 48 .hours' time' thete" was. 
a'very.large bacterial 'increase' and -even more after 72; hours. ; '■ 

,' . A similar' experiment .was. repeated with the, .same cultures,, except, that ' 
the milk, after heating was,.. held in' a 'refr,ige,rator,''at B C, (46.4^^ F,), 
The' 'results in, " Table V , show again' the great ' destruction, of 'bacterial', 
cells which,, takes place, during the, heating, process'., ' A' few bacteria 
survived, but very little increase -.'took, place- at the low' temperature,., ' ' 
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Table V . — Growth of Bacillus coli in milk heated for 30 minutes at 62,8'^ C. (145° F.) 

and held at S-^C. (46.4° F.) 

Number of bacteria per ciilac c'critimctcr. 

Before pavS- 
teurization, 


4, 000, 

^ 7,000,00c 

The relation of these results to commercial pasteurization can be 
plainly seen. Milk is pasteurized usually at 62.8'^ C. (145® F:) for 30 
minutes and in subsequent handling is kept at various temperatures 
from low to high, depending on conditions, until it is consumed. In 
view, therefore, of the results of our experiments, it, is possible to explain 
the presence of colon bacilli in pasteurized milk on the ground of their 
ability to survive the process. 

These results, however, indicate that colon bacilli survive pasteuriza- 
tion on account of the resistance of a few cells and not because the 
cultures have a high majority thermal death point, in which case a large 
number of cells would survive. Since it is apparent that colon bacilli 
have a low majority thermal death point, we should not expect to find 
large numbers of these bacteria in pasteurized milk immediately after 
the heating process. If this condition is found we should believe from 
our results that the presence of the bacilli would indicate inefficient 
heating or a heavy reinfection. 

W call attention to the fact that these opinions are based on a 

study of 174 cultures ■ of colon bacilli, and- consequently,' while they' 
\ represent a considerable number of strains of BaciUus coli, it is possible 
that' a, study of still 'more cultures' might yield different results. It is 
not improbable "that colon bacilli with a high majority thermai death 
point; do exist, and if such is the case large numbers might be.iomid, 
immediately after pasteurization. 

SUMMARY. AND CONCLUSIONS,. ■ 

„ '(i): 'The thermal" death , point of : i '74 ■ .cultures of colon 'bacilli, isolated 
.. .from cow feces, milk ' .and' cream, human' feces, 'flies,' and cheese showed 
■'■considerable; variatm^^ the 'cultures', were heated' in milk for . 30 
minutes under conditions similar to pasteurization. 

■.,'■.' '..At 60° C: (,140^' .,''F..)v' the' lowest pasteurizing temperature, .95 cultures, 
,.ur'54,59 per'.'cent.,'SuryiYe.dpat.62.8'’,^ F.), the'.usual temperature 

..for:'..pasteurizing,; ;i2, or.;.6,,89:,per ■ .cent, ^.'surv'w^^^ 
destroyed'at '65'.6^'G.'''(t50'°'F'.): on the ,'first heating,, but in' repeated .experi- 
ments it, was always'' 'destroyed.,. 


After pastettrizat 101:1 . 


X clay, j 

a days. 

, 3 days. 

4 th'- 9 tlidiis^ 

3 weeks.! 

4 weeks. 

■6 weeks. 

j 

0 in 3 c. c. 

oina c. c. 

0 iliac, c. 

oinac.c. 

50 

10 

0 in, 3 c. c. 

i xinac-c. 

0 in a c. c. 

oina c. c. 

01113 c.c. 

,1,000 

60 

0 in 3 c. c. 

1 t in. 3 c. c. 

0 in 3 c. c. 

0 in 2 c. c. 

oina c.c. 

' soo 

70 

0 in 3 c. c. 


Flask. 

GV I 

HO I 
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(2) There is a .marked difference in the .effect of heating at' 60^^ C 
(140® F.) and at' 62.8® C. (.X45° F.). Although there is only a difference 
of 2,8*^ C.jOr s® F., 87.3 per cent of the cultures which survived at 6 q°C . 
(140° F.) were destroyed at 62.8^ C. (145® F.). 

■ (3) ., Considerable variation was found in the thermal death point of 
the colon bacilli which survived 62,8° C. (145^ F.). When the 12 cul- 
tures which sumved were heated again at the same temperature, it was 
found that many did not survive and in each repeated heating different 
results were obtained. 

It seems evident that 62.8^ C, (145^ F.) maintained for 30 minutes is a 
critical temperature for colon bacilli. 

(4) Among the 174 cultures studied all were found to have a low 
majority thermal death point, but were able to survive pasteurizing tem- 
peratures on account of the survival of a few cells. 

(5) The colon test as an index of the efficiency of the process of pas- 
teurization is complicated by the ability of certain strains to survive a 
temperature of 62. 8"^ C. (145° F.) for 30 minutes and to develop rapidly 
when the pasteurized milk is held under temperature conditions which 
might be met during storage and delivery. 

The presence of a large number of colon bacilli immediately after the 
heating process may indicate improper treatment of the milk. 

(6) If milk is pasteurized at a temperature of 65.6'^ C, (150° F.) or 
above for 30 minutes, we should not expect, from our results, that any 
colon bacilli would survive. Consequently under such conditions the 
colon test for the efficiency of pasteurization may be of value. It must 
be remembered, however, that a study of more cultures may reveal 
strains of colon bacilli that are able to survive this and even higher tem- 
peratures. ■ 
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PRELIMINARY AND MINOR PAPERS 


FITTING LOGARITHMIC CURVES BY THE METHOD OF 

MOMENTS ‘ 

By John Ric:® Miner, 

Computer, Maine Agricultural Experiment Station 

WITH AN INTRODUCTORY STATEMENT ON THE USE OF LOGARITHMIC CURVES IN BIO“ 
logical and agricultural INVESTIGATIONS BY RAYMOND PEARL, BIOLOGIST, 
MAINE AGRICULTURAL EXPERIMENT STATION 

INTRODUCTORY STATEMENT 

The use of logarithmic curves in the analysis of various kinds of 
biological and agricultural data is rapidly becoming widespread and 
general. It was first shown by Tewenz and Pearson (13, 22) ^ that the 
growth of children followed a logarithmic curve. The present writer 
(17) demonstrated that the phenomena of growth and differentiation in 
Ceratophyllum also followed a logarithmic curve. Donaldson (2, 3, 4, 
5, 6) and Hatai (8, 9, 10) in a series of papers dealing with the growth 
and quantitative relations of the whole organism and its various parts 
in the white rat and the frog have shown that the same law holds for 
growth in those forms. 

Other biological phenomena than growth follow a logarithmic law. 
Pearl (14), in a case of regulation of the shape of abnormal eggs, and 
later Curtis (i) for normal eggs, have shown that the changes in size and 
shape of successively laid eggs are graduated with a logarithmic curve. 
Work now in progress in the Biological Laboratory, Maine Experiment 
Station, of which only a preliminary notice has yet been published (15), 
shows that generally the change in milk flow with age in dairy cattle is 
logarithmic. Several years ago Holtsmark (12) pointed out that the 
relation between the number of food units required tod the milk yields 
of different animals was logarithraie, 

Erom this incomplete review of the literature recording the use , of 
logarithmic curves in biological and agricultural investigations it is clear 
that the workers in these fields will, as time goes on, have increasing 
need to be able to handle these curves easily and critkafly. 

Up to the present time the only available method of fitting logarithmic 
curves was ' that , of least squares. Several years":ago ' Pearl and Mc- 
Pheters '(x6) published a set of tables intended to lighten materially' the^ 
labor of fitting such curves by the least-squares method. For a long 
time,,, however, the writer has felt that, it , would, be highly desirable .to 
bring this class of curves into the .general system^ of curve fitting worked; 
out by Pearson (18, , 1.9, , .20, ' 21, .'■,23), .and known' as the method, of 
moments." The, theory of, the method is extremely simple, involving a's' 

^ Papers Irour the Biotogical, laboratory,. o£ the Maine Agricultural Eacpeiirorat .Station,. .No. 78.' ' ' ' 

' ,2 Referorc® is inade by number to' ‘‘literature cited,’* p. 43a,.. , 

Voi.',ni.,',N 0 .,'' 5 .' 
Feb. i'5, 19JS .. 
Maine— ' ,,, 


:JouttiaI',d'' Agricultural Research, ■ 

Bept, .pi Agriculture,' WashingtOiL' B. C. 
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it does only the assuiTiptioii that if we equate the area a!ic! iiioinerits of 
a theoretical ciiiwe to the area and moments of a series of observations 
we shall get a reasonable lit of the curve to the observations. Experience 
with the iiietliod in tlie hands of difl'erent workers in lenglaiicl and Aiiier- 
ica has abundant!}'" demonstrated that this assum|:>iion is entirely justi- 
fied ill the fact. 

In the papers cited, a.nd in otliers also, Pearson lias g'i\’eii tlie equations 
for the calculation of the constants from the nioinenis in the case of 
(a) skew frequency ciinns in general, (b) siiie curves, (c) parabolas of all 
orders, (d) the point binomial, (e) hypergeometrical series, etc. There 
has been. lacking, however, the determination of thepM:|uaiioiis connect- 
ing moments and constants for the general famil}" of logaritlmiic curves 
of the type 

y = a A- bx + nv" -f <^/log(:r + o') 

and its modifications. ' I suggested so.me time ago to Mr. Miner tliat he 
attack' the problem, wdiich, while theoretically simple and straightfor- 
ward, proved, rather laborious in the actual carrying out. This he lias 
done, with the results set forth ill this paper. 

RayIUONX) Fearu 


MOMENTS OF A LOGARITHMIC CURVE 


GENERAL CASE 


Let 'yp ^2, Tjj, V . . . .. , ymA)e a series of ordinates ■with cor- 
responding, .abscissae d. . % to -which is to ber fitted 

the curve logi^x. .' 

Let. the unit of calculation == and' the origin be placed -at 

iTg. , The abscissae expreswsed in units of ;calciilat..ion 'and taken from, 
the new 'Origin will then be -i, 2, , x'f,j . . . „I,n caku- 

lating the moments each ordinate must first be multiplied by the base, 
1 %^/of the' rectangle of wdiich' it is the mid line, ' Otherwise the mo- 
ments will represent not the -whole' area, but strips of base of 'whicti 
the , ordinates are the mid lines. For , the first, three ordinates 

I, I, - ' 5 , , respectively; for higher ordinates, ' it Is fott,nd from the 
equation, 2a*'/, 4r',+ ('»« i;)'\5'. The 
Upper limit of the a,rea .is '.given by' . . .. - ( -i)* 

(_ i)* -virhert* I is the integral and q the fractional portion of 

the number. 

bet Mm represent the wth moment about the origin as above chosen. 
Then 


Mi. 


f*H-q 

■J» < 


{a+bx-^ c logi(.ir) 3f®ia;= 






4 ” 


■f c logio e (/ + - 


■ar 


(i) 


I n'+'r"', 


I, 

,n+i (w+i)® 
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Putting w==Oj I, 2 , successively, we obtain the three equations which 
being* solved give us the constants of the cuiwe: 

Mo=a(z+9-0+t[(/+9)^-i] 

P I ’ I I *" 

+ c login + loge (^+?)--log«- + ;- (^+9) 

C P I I I I *" 

+ 2 logio log* (Z+g^)-- loge-+g-j(/+?)^ 

t ”i (iv) 

(/+?)Mog* (/+9)-|logei + ^-|(/+?)“J 

Multiplying equation ii by ^^/+g'+0and by + 

and subtracting from equation iii and iv, respectively: 

2Mi-(; + ^ + 0Mn = |(/+5-0' 

+ ; %i« e[(^+3){log4-log, (;+?)} + (/4-?)^-|] 

+ J %xo ^ [(‘^+?) (^+5' + 0{ log* loge (^+?) j + 1 - 

Multiplying equation vby|^^+g+0 and subtracting from equation ¥i : 

6^M,-(l + g+'^'^Mi^+^{l+qY+2{l+q)+^M, 

=~ logioe[(^+?)(^+^+0{log« (/+g)-log«|[ (vii) 

6[(/+?-f0Mi-M^]-[a4-#+2 (^+g)+i]M, 

(i+ g+0{logio i-logia/+?)}^ 



Journal of Ag^ricultural Research 


voi. in. No, 5 


.414 


»=■ 


(/+g)^logio ~"log„ o jj 

+q~2^ 2 

logio ~ e j] 


2,(^+?)^~-)-c:j(;+g)%Ao (H-4) 


(ix) 


(X) 


SPECIAI, CASEvS 


^ In the preceding section the simplest form of logaritiiiiiie curve in 
practical biometric use is considered. Extended experience in the Bio- 
logical Laboratory of the Maine Experiment Station has shown that this 
simple form of the ctir\^e is only rarely adequate in the fitting of biological 
data. Usually one or the other, or both, of two modifications is found to 
be necessary before a suitable logarithmic curve is found. One of these, 
first used in biometric work by Pearl (17), in his studies of the growth of 
Ceratophyllum, later by Hatai (8) and others, is to add another constant, 
so that the equation then becomes 

+ C logOr + 

The second modification is made by adding a term in to the equation. 
This modification is necessary in the wide range of cases where, after 
reaching a maximum, the values of the ordinates decrease with increasing 
values ' of ir. This cui-ve with the term was first used by Pearl to 
describe the change in shape of successively laid eggs of a particular hen 
(14) . A logarithmic curve of this type 


y = a + + cl log x 


appears, from rather extensive experience 'in this laboratory, to l)e the 
general form of expression of .the quantitative changes in am organism 
throughout its life^ — that is, including both growth und senescence. 

The equations for determining the constants of the curve 


are as' follows 


y— a + bx +€X^i~d 

20M5- + 3[4(/+ + 6 (/ 4 - ?) + i]M, 

(^+? +0[a+#+ 4 (^+?) + i]M, 


logio~-logio(/4-g) 


|^(^+?)| (^+#+ 1 (Hg)4-1 
+||(^+g)’'-^ (^+g)®+i4(^+g)+i|iogi„eJ | 


(xi) 
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(/ + ?) g + ^logi J+g- logio 0 

■“)log,o«)] 


(xii) 


-"-(i+q^+^i+q^-li+q- 


(I + q) (^logjo j - logio r+q^ + (j+q^ - ^ logw e | J 

■ -£{(,. ,J-|j 


(xiii) 


a= I 

l+q-- 


{1 + g)Iog,o {l+q)-^ l6g,o ^ ” (^+ ? ” 0 ^ogio « | j 


(xiv) 


For the ctsn^e 

y-=^a^-h%-\-c logio(^+ <^) 
the equations for determining the constants are : 


6 4 ? 4 

0 Mi-iV/, 

- 

(/+g)^+2(/-i-g) 4 -~ 
4 _ 

Me 

|4^/ 4 g- 

[l+q+ oc)(^l+q+ 2 ar +0 

-0[|{a+g)^4-5(f+g)'i 

[logio(«+0 - logi„(/+g+«) j 
'4] + 2 ‘*(^ 4 -g 4 - 04 - 2 ar 01 ogice 


(XV) 


g+0M„-c{(«r+0(/4-g4-«r)(bg,o«+i ^ 
- logic/ +g+«) + i(/ + g - 0 (^ + g 4- 2« H- 01ogioeQ 




i + O' - 


" c j (/ + g -f «)logi(} (/ 4- q 4 «■) 


f Mc-y Q+qf 

2'^ , ' ^ 

~(y+ 0%io('* + 0 “ (^ + 9 ^ 0iogw ® }] 


(xvii) 


By the use of the third moment an equation might also be derived for 
determining or. As this, however, is a somewhat complex logarithmic 
expression, fi'om which or can be obtained only after much labor, it has 
seemed best to determine a empirically, as in working by the methqd of 
least squares. 
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ORDIiNATl^S RQITAIXY DlStKIBUTED 

Up to this point we have, considered that the ordinates were* clist:ril:>iitec! 
at any irregular points on the base line. In the usual case^ Iic::w'c*\*c‘r» tjiey 
wills of course, be at equal iiiteiwals from one anotlier. When the ordi-, 
nates are given at equal intervals, L e., when 

I becomes equal to the number of given oixlinates, f and Itie 

equations for the constants can be put in a somewliat sinipler form. 

For the curve y— a+ 6x+^ 

c=yi[ 6 {(/+i)Mi-Af,}-(F+ 3 ^H. 5 )A/,,l (xviii) 

b=~[2M^~(l+l)Mo—j^ (xix) 

1 I'hl j 

a==jM^-~h-j,,c _ (XX) 

where 

h == 2 (/ + 1 + 0 1 logio J + 01 + - (P + 61 -) • 3 1 log,,, <’ J 

i 2 = |[(^ + 0|logioj-logio(^/ + 0| + i(/+ I) log,„<?j 

/s ” + 0 ~ ~ logio 2 ^ 

For the curve y=a+A*-|-c*“+<’i log, „jc; 

d=y4[2oM3-3o(/+i)M,+/5M,-/^^^^^ (xxi) 

c = -j5 [6{M2 “(/+i)M,} + (/3+3/+ i.5)Af8] + /7tf (xxii) 

6=|3[2M,— (/+ 1 )Af *]—(/+ i)c—yjrf (xxiii) 

, , . I 4* 1 

— '/gd? . . (xxiv)' 

where, ,■ 

J.-2[(«+j)(i’+f!+l)jlog„j-l<ig,y^/+0j+|(i+, )((.+, 

;,===(/+ i)j^?+ 5 /+ 
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^Frorn the foregoing it is evident that since the fs involve only and 
with equal intervals for the ordinates I will always be some integer, , the 
values of the fs for a series of values of I can be tabled once for all, and 
in this way a great deal of labor saved in the ordinary fitting of logarithmic 

curvcvs. Accordingly tables of the /sand of and —’have 

been prepared and are given in an appendix at the end of the paper. 

For the curve y=a+6:r+c logio 


6[M , (/+ i)M,]+(PF3lFi.5)Mo 


^'(l+2a:')(l+ «0{logio {l+oc') - logio«'} - 1 2ar7+ 1 2 a'“}logioe 

h = ■^j^ 2 Mi - (/ 4- 1 )Mo - c\a'{l + a') (log^^a' - logi/W') 


(xxv) 


+ 


^j + rtr7^1ogioe}J 


(xxvi) 


a ^^6 - c- j[(/4- nf')logio(/+ a') ^ - llog^^e] (xxvii) 


where + 


ILLUvSTRATIONS OF THE USE OF LOGARITHMIC EQUATIONS 


In order to make clear the use of the above equations, some numerical 
illustrations will be given. 

Let us first consider the data contained in Table I. These give the 
mean milk production in pounds over a 7-day period of Holstein-Friesian 
cattle at different ages. The data are taken from the official 7-day A. R. 
O. record of the Holstein-Friesian Association (i i). The laborious task 
of extracting and tabulating these records and calculating the means was 
carried through by Mr. John W. Gowen, with the assistance of Mr. S. W. 
Patterson and Miss Anna B. Perkins, all of the Maine Experiment Station. 
In future publications from this laboratory these figures will be further 
dealt with, but here they are used solely for purposes of illustrating the 
method. ' ■■ ■ ’■ , 


TablB I .—Me(m.^~day milk production of Holstein-Friesian cows at differeni ages 


Age, 

j Nimiber' 
ot cows. 

Mean pro- 
duction. 

Age, 

Number 
o£ cows. 

Mean "pro-' 
'■'ductkm. 

X yr. <5 mo. to i yr. ix mo. ■ 

h09S 

3f^3 

!Xf330 

Powids. 
290 . 6 
316 . 7 
347 - 0 

8 yr. toSyr. s mo. . . — 

8 yr. 6 mo. to 8 yr. ix mo. .... 

' 434 '." 

' 432 
' ' 249 

1 

a yr, 6 mo. to a yr. xx mo, 

9 yr. to 9 yr. s mo. . . . ........ 

3 yr. to.syr, smo.. , — 

3 .yr. 6 mo. to 3 yt. ix mo. . , 

2,041 

1,950 

376 . 0 
407.9 

9 yr. 6 mo, to 9 yr. ix mo. .... 
10 yr. to 10 yr, 5 mo. , . . . , .... 

, "243 

, X 49 

t ;; ' ,■ 462.5 
460 . 7 

4 yr. t 04 yr.'S mo. 

4 yr, 6 mo. to 4 yr. is mo. . . . . 

1,627 

1 , 56 s 

428 . 2 
447*1 

10 yr. 6 mo. to xo yr, 11 mo . . . 
IX yr. to IX yr. 5 mo. 

. ■ X 37 

.72 

466.2 
' ■ 45 S -2 

syr. to syr, s mo. ' 

syr, bmo, to .5 yj** xxmo- 

x,X 9 S 

X,X 42 

4 S 7 * 3 
464 . 2 

XI yr, 6 mo. to ix yr. 11 mo . . . 
xa yr. to X 2 yr. 5 mo . . ........ 

■ ;' 67 :'i 
■ 37 ;: 

■ ' 4 S' 3 - 7 

.. ,,.,' 449 *.x 

fiyr. to 6 yr. 5 mo, .i 

882 : 

46 ^^. 3 
468 . 0 

12 yr. 6 mo. to 12 yr. n mo .... 

13 yr. to 13 yr. 5 mo 

' 35 , 

20 

444.0 

6 yr, 6 mo. to 6 yr. x i mo ^ 

850 :' 

443 - 2 

yyr. to 7 yr. 5 mo. . . . 

6 Ss 

466 , 6 

1 13 yr. 6 mo. to X 3 yr. ix mo. . . 

22 

448.7 

7 yr. 6 mo. to 7 yr. xx mo ' 

' 597 

466*6 

i i 4 yr, to i 4 yr. S mo. 

' ' 10 ‘ 

440.0 


The problem now is to fit by the method of moments a logarithmic 
curve of the form 

ysssS a-hl>x+c:x:^-hd log x 
tpthes^'':milk;pioduGtion means. 
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The calculations to obtain the moments are given in Table II . 


TabIiM 11, --^‘Cakulaiioit of momenU for data on Holstein-Friesian cows in original form. 


Age. 

y 

/ 

.V 

yV 

, yV® ■ 


X yr. '6 mo. to 1 yr, ix mo . ' . '• 

290.6 

326. 06732 

X 

326.06732 

326.06732 

' 326 '.'o 6732 

a yr. to a yr. 5 mo 

316.7 

240,32913 

2 

480.65836 

961.31^652 

■X, 922.63304 

ayr. 6100. to a yr. iimo. . 

347 - 0 

401, 76094 

3 

1,205.38382 

3,615.84846 

■ 10, 847-. 54538 

syr.tosyr. 5^0* ••••••• 

376. 0 

361. 44305 

4 

1 1,445.77220 

5,783.088 to 

33,132.35530 

3 yr. 6 mo. to 3 yr. iimo. . 

407.9 

. 407.9 

5 

1 2 > 039.5 

10,197.5 

50,987.5 

4 yr, to 4 yr. s mo 

428. 2 

428. a 

6 

2, 569. 2 

15.4x5.3 

92,491.2 

4 yr. 6 mo. to 4 yr. ii mo, . 

447 - 

447.1 

7 

S, 129 - 7 i 

21,907,9 

x 53 , 3 SS -3 

S yr. to s yr. srxio... ..... 

457-2 

457 - 2 

8 

3 » 657.6 ; 

29, 360. 8 

334, 086. 4 

5 yr. 6mo, to 5 yr. ii mo. . 

464.2 

464.2 

9 

4 , 177. 8 

37.600.2 

338, 401. 8 

6 yr, to 6 yr. 5 mo. 

466.3 

466. 3 

10 

4> 663.0 

46, 630. 0 

466,300. 0 

6 yr. 6 mo. to 6 yr. xi mo - 

468.0 

46S.0 

■II { 

5 f 148.0 

56,628.0 

632,908.0 

7.yr. to 7 yr. snao.. 

466.6 

466.6 


S»S 99.2 

67, 190. 4 

806, 284. 8 

7 3rr. 6 mo. to 7 yr. ixmo. 

466.6 

466.6 

13 ! 

6,065.8 

78, 855. 4 

1,025, X 20 . 2 

S yr. to 8 yr, s mo. ...... 

467.0 

467.0 

14 

6,538.0 

91,532.0 

1,281,448.0 

8yr. 6 mo. to 8yr, ii mo. . 

466. 6 

466.6 

IS 

6,999*0 

104, 985. 0 

X, 574 , 775*0 

gyr, togyr. s mo.. 

464. 6 

464. 6 

16 

7.433.6 

xi 8 , 937‘6 

1,903,001.6 

9yr,6mo.t0 9yr. 11 mo.. 

462. s 

462. 5 

17 

7.862.5 

133,662.5 

2,272,262.5 

joyr, to loyr, smo 

460. 7 

4 60. 7 

18 

8, 292. 6 

149,266.8 

2,686,802.4 

ro yr, 6 mo. to 10 yr. 11 mo 

460. 2 

460. 2 

19 

8,743.8 

166, 132. 2 

3 ,,is 6 ,sxX' 8 

11 yr. to II yr. s mo. .... 

455 * » 

455 - 5 ! 

20 

9, 104. 0 

182,080.0 

3,641,600.0 

iiyr.Cmo.toiiyr. 11 mo 

453.7 

453 * 7 

21 

9,527.7 

200,081.7 

4,201,7x5.7 

la yr, to la yr, 5 mo 

449.1 

449. r 

22 

9,880. 3 

217,364*4 i 

4,782,016.8 

la yr. 6 mo, to 12 yr. 11 mo 

444.0 

426. 81041 

23 

9,816.63943 

225, 782. 70689 1 

5 , 193 , 002 . 25847 

13 yr. to 13 yr, gmo. — 

443.2 

513. 14250 

24 

12,315.42000 

295,570.08000 

7,093,681. 92000 

13 yr, 6 mo. to 13 yr. x i mo 

448.7 

340. 49788 

25 

8,512. 44700 

212,811. 17500 

5,330,279.37500 

i4yr. to i4yr. s mo 

440. 0 

493 * 70138 

26 

12,836.23588 

333,742.13288 

8,677,295* 45488 

Total .....j... 

ir? 315. 45261 


158,369. 72291 

2,806,320.01587 

55,6x0,556. 60939 


i^or reasons which need not be considered here it is usually desirable 
to use corrected rather than raw values of the moments. Here we have 
used one of Elderton's (7) correction methods. The column headed y' 
is obtained from the y column by Elderton’s formula V^—i. e., by muh 
tiplying the first and last ordinates by 1.1220486, the second and last but 
one by 0.7588542, the third and last but two by 1.1578125, and the 
fourth and last but three by 0.9612847. 

From this table we have at once Mo= 11,31545261 ; ™ 158,369.72291 ; 

M'2«^2, 806, 320.01587; M3 ==55,610,556.60929; /=26. 

Substituting these values in the equations xxi to xxiv for the curve 
y—a+fcx+rf+rf log x, the following values for the constants are found: 
^=0.000096940 (20M3— 8ioM2+8907Mi-*2i829.5Mo) — 259.83317. 
{:~.o.oooo25250 (6M2—i62Mi+755,5Mo) + o.oo24i02d“ -0.0533. ; 
v ' i==o.ooo34i37 ,(2 Mj—27Mo) — 27c— 0,044239^== —6.225. 
a =0.03 846 1 5M0— i3.5&—23S.583333C—x.022iii(f— 266.38. 

The final equation then becomes 

The ordinates calculated from this equation in comparison with the 
observations are given in' Table IV. '' 

Before proceeding to any discussion of the fit, let us consider a second 
example, where the ordinates are at irregular intervals. The data here 
taken for illustration are the same as those of the preceding example, 
except that certain of the observations have been arbitrarily combined 
and the new values so obtained taken as ordinates. Table III shows 


»It is to be noted that the coeffideEts'as/'givda'by- EMerton (?» p. 27 ) are Incorrect in the last tigttte. 
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how this combination has been carried out, and also the calculation of 
the moments from ordinates at irregular intervals. Since in this instance 
the four ordinates at each end are regularly spaced, Blderton's formula 
V may be used. When the end ordinates are not regularly spaced, this 
is not applicable, and the ordinates may without serious loss of accuracy 
be left unmodified, 

Tab^U 111,’— Calculation of momenta for data on Holstein-Friesian cows^ with grouping 

of certain ordinates 


Age. 

y 

■/ 

H 






I yr. 6 mo. to i yr. ii mo . . . 

290.6 

326. 07 

I 

326. 07 

t 

326. 07 

326. 07 

326. 07 

2 yr. to 2 yr. s 13^0 

316. 7 

240. 33 

I 

240.33 

3 

480. 66 

961.32 

1,922. 63 

2 yr. 6 mo. to 2 yr, n mo. . , 

347 * 0 

401. 76 

1 

401. 76 

3 

X, 205. 28 

3 > 615.8s 

10,847.55 

3 yr. to 3 yr, S nio 

376-0 

361.44 

I 

361. 44 

4 

ii 445 - 77 

5 # 783. 09 

237x32.35 

3 yr. 6 mo, to 3 yr. ii mo. . , 

407,9 

407.9 

I 

407.9 

5 

2,039.5 

10, 197. S 

50,987.5 

4yr. t0 4yr. smo 

428. 2 

428. 2 

I 

428.2 

6 

2, 569. 2 

15,4x5. a 

92 , 491.2 

4 yi. 6 mo, to 5 yr. s mo. . . , 

45a. I 

4 S 2 .r 

2 

904.3 

7*5 

6,782.25 

50,866. 88 

381,501. 56 

S yr. 6 mo. to 6 yr. 11 mo. . . 

466. a 

466. a 

3 

11398.5 

10 

13,985.0 

1397850.0 

X1398, 500.0 

7 yr. to 7 yr. ix mo. 

i 466. 6 

466.6 

2 

933.2 

12. s 

11,665.0 

145,812. s 

1,822,656,25 

Syr. totjyr. smo. 

! 466, X 

466.1 

3 

I; 398. 2 

15 

20,973,0 

3147 595 ' 0 

477x8,925.0 

9 yr. 6 mo, to„9 yr. ii mo . . , 

462. 5 

462.5 

-.1 

462.5 

17 

7,862.5 

1337662.5 

2,272,262. 5 

10 yr. to loyr. s mo 

460.7 

460. 7 

I 

460. 7 

x8 

8, 292. 6 

149, 266. 8 i 

2,686, 802.4 

10 yr. 6 mo. to xi yr. ii mo. 

456.4 

; 456.4 

3 

1,369.1 

20 

27» 382.0 

547,640.0 

10,952,800,0 

12 yr. to 12 yr. $ mo 

44 !>.i 

449. 1 

I 

449.1 

22 

9,880.2 

2x7,364.4 

4,782,0x6.8 

X2 yr. 6 mo. to 12 yr, xi mo. 

444. 0 

426. 81 

I 

426. 81 

23 

9, 816. 64 

225,782. 70 

5,193,002. 26 

13 yr. to 13 yr, s mo 

443.2 

513. 14 

I 

S13. U 

24 

12,315. 42 

2957 .570. 08 

770937681. 92 

X3 yr. 6 mo. to 13 yr. xx mo. 

448.7 

340 . SO 

I 

340. 90 

25 

8, 5x2. 45 

212,8X1. 17 

57320,279.37 

14 yr. to i4yr. s mo 

440. 0 

493 - 70 

I 

493 - 70 

26 

12,836. 23 

333 7 742 -, 13 

87677- 295' 45 

Total 

i 



ii» 3 iS- 4 S 


158; 369. 77 

2. 803, 263.19 

55.479,430.81 







From Table III we have the following values: 11,31545; 

158, 36977; M2i=2, 803, 263.19; 479, 430.81; /+g=26.5; 7=26; 

9=0.5. 

Substituting these values in the equations xi to xiv, we obtain: 
d!= 0.000096940 (20M3— 8ioM2+8907Mi— 2I,829.5M„) = 245.67899. 
0=0.000025250 (bMj— i62Mi+755.5M„)+o.oo24io2ii= — 0.1338. 
6=0.00034137 (2M1—27M0) — 27c— 0.0442397= —3.425. 
a=o.03846isM„~i3.56— 238.583333c— 1.0221117=262.26. 

The final equation then becomes — ■ 

j/= 262.26— 3.425*— 0.1338^*+ 245.679 logio*. 

Table IV compares the fit of the two curves calculated by the method 
of moments with that of the curve fitted by the method of least squares. 
It is apparent that the two methods give results of substantially the same 
accuracy. By the method of moments the root mean-square error is 
greater, and the mean error less than by that of least squares. Neither 
difference is, however, large. 
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Tabi4? IV ,'’-^<)mpanmn'(}f ike gmduation of data on Holstein-Frienan cows by different 

7neinods 


.t 

By least squares. j 

j 

By mo 

( Bditiates at equal 
miervals. 

nents. ' 

Qrclitiatea;at imequal 
intervals. 


|l 

y from 
curve. 

J 

; # 

y from 
curve. 

. J 


y from 
curve. 

' J 

■ ; /J ' , 


"290 . 6 

27a.? 

+ 18.5 

342 * 35 

260. 1 

4 - 3 as 

930 * 25 

258. 7 

+3X.9 

1,0X7.61 



31 ^- 7 

332. 2 


240* 25 

331-9 

“xs-a 

231. 04 

328. 8 

“- 12 . X 

146. 4X 


Z 47’0 

366, 9 

— ig.9 

396. 01 

37 X*a 

■—24. 2 

585* 64 

36S.0 

—ai.o 

441. 00 

4 -.' 

376.0 

391 - 1 

-*I 5 *I 

228. 01 

397 * I 

”*2I,1 

445*21 

394. 3 

-18.3 

.334. 89 

5 

407.9 

409- a 

T *-3 

1.69 

4x5.5 

— 7.6 

57* 76 

4x3.5 

5*6 

3 X .36 

6 , 

428. 2 

423. 4. 


23.04 

429. 3 

— X. I 

'1.21 

42$. X 

+ .1 

. ox 

7.:..;....;... 

.- 447 -' I 

434 - 7 

4-12.4 

IS 3 * 76 

439-8 

+ 7.3 

S 3 * 29 

439. 3 

+ 7.8 

60. 84 

s. 

457 - a 

443.8 

4x3.4 

179-56 

447*8 

+ 9*4 

88.36 

448- 2 

4-9.0 

81.00 

:■ 9 -- 

464.2 

4 SI -3 

4x3.0 

169.00 

454*0 

+10.2 

104. 04 

455*0 

4-9-2 

84.' 64 

10. 

, 466.3 

457*7 

4 8. 6 

73*96 

458.6 

4 - 7-7 

59 * 29 

460.3 

+ 6.0 

36. 00 

ri. . 

468. 0 

461. 6 

4 6, 4 

40.96 

462.0 

-j- 6.0 

36.00 

464. 2 

4 - 3.8 

14. 4'4 

X2., 

466.6 

465. 1 

4 1. 5 

2*25 

464.4 

4 “ 2.^e 

4.84 

467.0 

— .4 

. 16 

13...'..,'.,..'...,. 

466.,^ 

467*5 

■“ .9 

.81 

465- 8 

4 - .8 

.64 

468.8 

-*2.2 

4* 84 

;s 4 -. * 

467.0 

469*0 

2. 0 

4.00 

466.6 

+ .4 

. x6 

469.7 

— 2.7 

7*29 

. X 5 .. 

466.6 

469. 6 

3.0 

9.00 

466,6 

0 

0 

469. 7 

— 3. 1 

9. 6x 

'16. . . , . 

464. 6 

469.4 

— 4.8 

23,04 

466.0 

■“*1.4 

1. 96 

469.0 

— 4.4 

19. 36 

■17.. 

462.S 

468.5 

— 6.0 

36.00 

464*9 

- 2.4 

5 * 76 

467.7 

- 5-3 

27.04 

18.. ... . , 


466. 9 

— . 3 

38. 44 

463. 2 

— 2. 5 

6. 25 

465. 7 

— 5.0 

25. 00 

19. . . ... 

460. 2 

464- S 

4*3 

18. 49 

46X. X 

— ,9 

.81 

463. 0 

0 

- 2.8 

7*84 


’■*’ 6. 3 

458. 6 


XX. 56 

— A. T 

21. , 

' 453 * 7 

4 S 7 * 9 

”“ 4-2 

17. 64 

455 * 7 

“”2.0 

4.00 

*roy* y 

456. 2 

— 2.5 

6. 25 


■ 449 * 

453, 7 

— 4.6 

21. x6 

452.4 

— 3.3 

xo. 89 

452.0 

— 2.9 

8. 4t 

.■23'. » , 

. '■ '.444. 0 

44k 9 

— 4.9 

24. ox 

448* 8 

““ 4 * 8 

23.04 

447.3 

" 3*3 

xo. 89 

24. ...... ...... , 

. 443. 2 

443 * 5 

' « ll. 

• 09 

444 ' 9 

X. 7 

2. 89 

442. X 

n- 1. 1 

I. 2 X 

'■ 24... 

. 448. 7 

437. S 

4x1. 2 

125. 44 

440. 7 

4 - 8.0 

64.00 

436.4 

•i-X 2 . 3 

X51. 29" 

' 26.' ' . 

440. 0 

431 * 0 

4 9.0 

81.00 

436. 2 

4 * 3. 8 

14.44 

430.4 

4-9.6 

92.16 

Total... 


' 

. 198. 1 

2,289. 55 


177.9 

2 > 743. 33 


187. 0 

a, 64 X .'64 



1 




Xeast squares: Root mean-square error® 9.4; mean error==7.<5. 

Momente, equal intervals: Root mean-square error** 10.3; mean efror«6.8. 
Moments, imequal intervals: Root mean-square error® lo.i; mean error® 7.2, 


In Table V are given the values of the fs and certain other constants 
involving only / for values of I from 3 to 40. This range will include 
practically all cases likely to occur in ordinary statistical work. 

The author wishes to acknowledge his indebtedness to Dr, Pearl for his 
aid and suggestions throughout the work. 


TablS V, — Valu^ of certain constants involving only I for values from J to 40 
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ORGANIC PHOSPHORIC ACID OF RICE 

By Auce R. Thompson, 

Assistant Chemist^ Hawaii Agricultural Experiment Station 

That phosphoric acid occurs in organic combinations with inosite in 
the seeds of many plants 'has been shown; by several investigators. 
Posternak (9)/ Patten and Hart (8), Hart and Andrews (6), Hart and 
Tottinghaiii (7), Anderson (i, 2, 3, 5), Rather (10, ii), and others have 
isolated this organic substance from pumpkin seed, beans, wheat, corn, 
oats, and cotton seed. Although they have been unable to obtain it by 
synthesis and still disagree as to the formula and composition of the 
acid and its salts, it is generally known as phytin or phytic acid. Suzuki 
et al. (12, 13) and Anderson believe phytin to be a hexaphosphoric 
acid ester of inosite, and Anderson has shown that the organic phos- 
phoric acid in wheat bran differs materially from the acid he has obtained 
from a number of seeds. 

Phytin is completely hydrolyzed into free phosphoric acid and inosite 
only with difficulty, as Anderson (4) showed by boiling phytin with con- 
centrated nitric acid for several hours. 

In the previous determination of phosphoric acid in foliage and grain 
of rice {Oryza satim) at the Hawaii Experiment Station (14) several 
methods were used in oxidizing the organic matter. On boiling the 
grain with a mixture of nitric and hydrochloric acids {aqua regia) the 
author noticed that, although the solution soon became colorless, giving 
the appearance of complete oxidation of organic matter, if boiled to 
dryness a charred mass remained in the flask. Determinations of phos- 
phoric acid in the solution (not boiled to dryness) in the case of the 
rice grain showed about one-third of the total phosphoric acid as found 
by the Neumann method. The determination of phosphoric acid in the 
foliage, on the other hand, by either method was about the same. 

It was thought that the reason for this resistance to the action of 
aqua regia is probably the fact that phosphoric add occurs in the rice 
grain as phytin and is therefore not completely hydrolyzed. It wUvS 
decided, therefore, to give, some study 'to the organic phosphoric acid 
of rice.' 

vSuzuki et ah' (12, 13) obtained an impure salt of phytic acid' rice 
■by extracting the rice bran .with a 0.2 pet' cent hydrochloric-acid solu- 
tion and precipitating with, alcohol. . As Anderson 3r 4j . s)' has 

shown, that phytin so' prepared would contain the inorganic phosphoric, 
acid of the,' seed, as. well aS' other impurities, the phosphorus content as 
shown by the resulting analysis is not that of pure phytin.' . . 

, It is. therefore of interest to obtain the'.pure salt of ' phytic acid 'from,, 
rice. In. following the methods of Anderson (i, 2, 3, 4., 5) af , purifying 
the acid by; repeated solution in hydrochloric acid .aiid precipitation '.'wia 
barium., Iiydroxid, the' author, hoped to, isolate 'the pure tribariutnaalt',,. 
but the ease of partial hydrolysis of the aubstance and .the, difficulty ,, of 
eliminating all impurities' 'which; may be 'present* stjch: as, other phos- 
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phoric esters of iiiosite, stand in the way of ■obtaitiiiig the pure substance. 
Special atte.tit:ion was , paid ■ to: methods" for tlie det:ertiii.tiatic>i:i of the 
bariitiii and phosphoric acid in'the.salt^ and observations' of some interest 
were made. 

The total phosphorus was , determined in. samples' of rice bran 'and 
unpolished and 'polished rice. The following detemii'iiations' were dupli- 
cated, to within 0.02 pet cent: "Phosphorus in. rice brah>,2.29',c '.per cent; 
in unpo.lished rice,,' 0.321 per 'cent; in .polished rice, '0.140 per 'ce'tit. ■ 

'.'It ,is. ap'parent that the 'rice bran contains "a. comparatively high' 'pet- 
'centage of . phosphorus. , Phytin was determined in the .bran by extracting 
100 gm. of the sample with a 0.2 per cent hydrochloric-acid solution and 
precipitating with alcohol. The precipitate stood over night, when it 
was filtered, first washed with 50 per cent alcohol, then with ether, and ^ 
was dried at 105^ C. It weighed 8.22 gm., amounting, therefore, to 
8.22 per cent of the bran. As phytin contains considerable organic phos- 
phorus, it is apparent that rice bran contains much of its phosphorus in 
the organic form. 

The' writer was unable to obtain phytin from the polished rice. The 
0.2' per cent" hydrochloric-acid extract from se'veral kilograms of finely 
ground polished rice yielded but a slight precipitate with alcohol or barium 
chlorid. With barium hydroxid added to alkalinity a considerable pre- 
cipitate occurred which did not behave like phytin. 

The phytin obtained from the unpolished rice was doubtless cotitamed 
in the outer layer, which is removed in polishing. 

Two preparations of barium phytate were made according to the 
method of Anderson; one from unpolished rice, the other from rice bran. 

Six kg. of finely ground unpolished rice were treated with a 0.2 per 
cent hydrochloric-acid solution for several hours. This was filtered 
through cheesecloth and filter paper the same day and the filtrate pre- 
cipitated with a barium-chlorid solution. 

The precipitate was collected on a filter, washed with 50 pet cent alco- 
hol, dissolved in a i.o per cent hydrochloric-acid solution, wliidi was 
then filtered and precipitated with barium hydroxid. It was repirecipi- 
tated three additional times with barium hydroxid, once with alcohol, 
again with barium hydroxid, and again three times with alcohol. Tlie 
..filtrate' from the alcohol precipitate soon ceased, to give an , immediate 
precipitate ' with an ■ ammonium-molybdic solutio,u, vShowi'Ug the 
nation, of inorganic phosphoric acid fro.m the precipitate. The' precipi- 
tates formed' by barium ■ hydroxid were - well washed with , 'w:ater. 

'.Crystals , were then obtained by adding barium hydroxid to the acid 
solution until a, slight precipitate resulted and then filtering and allowing 
to stand a, .couple of'days. The crystals thus formed were washed., recrys- 
'■tallized in., the 'same wa.y, and then crystallized from the .acid SQlut.ioi..i by 
the ''addition", of alcohol.,'. It was found that on'adding an equal volume 
■,'of; alcohol, ,' 'according to And,erson, ■■ only an amorphous, precipitate was,,, 
'Obtained. , ' .'It was' only ' by ^ sufficient alcohol to make the 

solution turbid that crystallization took place. 

, Under the, microscope the precipitate appeared' to be composed' entirely 
of 'crys,tals:,m '.the form^'of globules of'needles' wit'h"occa'S,ioiiaI' needle'-' 
shaped' crystals ',:, arranged ' in stellar ' 'form. . : These ^ we,re'..' probably the." 
same"aubstance'. 

' .The crystals, were washed with„akohol .:and;':etber,.:dried.'.:.in 'vac^^^ 
sulphuric acid at laboratory temperature, and finally at 103® to 1 10® C. 



Feb. 15, xc)is 


Organic Phosphoric Acid of Rice 427 


over calcium cblorid without vacuum. The moisture was then determined 
in the salt at 120° to 130® C. and amounted to 0.76, per cent. The 
phytin from the bran was purified and obtained in the' same way as 
that from unpolished rice, but the barium salt was dried in vacuum over 
calcittm chlorid at 105,'^ C. The moisture determined in vacuum at ,105^ 
and 'at 120® C, was 1.33 per cent in both cases. The crystals resembled 
those of the first preparation. 

The salts thus obtained were- practically free from chlorids and inor- 
ganic phosphates. Nitrogen was also- absent. All the 'material of the 
first prepai'ation was used' in making repeated determinations of barium, 
phosphorus, carbon, and hydrogen, but the phytin obtained from the 
bran was analyzed also for ash constituents other than barium. In 0.60 
gm. of this material an imweighable trace of calcium was found, but no 
iron, manganese, magnesium, or potash. The residue on precipitating 
out the barium and igniting the phytic acid thus left amounted to a few 
milligrams and was composed mostly of unvolatilized phosphoric acid. 
No nitrogen was found in the salt. 

The barium in the salts was determined by various methods. A pre- 
cipitate of barium sulphate was obtained in the determination of phos- 
phorus by the Neumann method. After boiling the salts for three to 
four hours with sulphuric acid to which ammonium nitrate was added at 
intervals, 200 c. c. of water veere added to the solution, and the precipitate 
of barium sulphate resulting from this dilution was boiled and allowed 
to stand overnight on the water bath. The precipitate was collected on 
a filter and was washed well, dried, and ignited. This precipitate was not 
pure barium sulphate, but contained a large amount of silica, aluminum, 
etc., dissolved from the Kjeldahl flask by the concentrated solution of 
very hot ammonium nitrate in sulphuric acid. On heating the weighed 
precipitate with hydrofluoric and sulphuric acids, silica was eliminated 
and the weight of the residue considerably reduced. In one case 0.6853 
gm. of precipitate lost o.oiii gm. by this treatment. A pure barium 
sulphate was also obtained by fusing the residue with sodium carbonate. 
The fusion was digested in boiling water, then filtered and washed. The 
filtrate was tested for barium and the insoluble residue dissolved in a few 
drops of dilute hydrochloric acid, washed through the filter paper, and 
the' barium precipitated in boiling solution by the slow addition 
sulphuric acid, ■ 

A number of determ-inations were thus made in'whiclx'the correction 'by 
fusion caused a decrease in calculated barium from-' i to 2.-per cent. ' The;' 
results from three samples .given .in Table I are taken from- the -analysis of- 
the phytin from" bran (not calculated to moisture-free basis), ■ 


TAarn 1.— Percentage of banuni in butium phyicie oxidm^ the Nmimann nudkod 


{Sample No. - 

Barium, ,. ■ 

1 /ncorrccied. 

Corrected by - '' 
fusion. 

j , , ' i . -. . ■< . ♦ 

' Per cmL : . 

38- 293 
38. 256 
38- 191 

Per cmL 

37. 

37 - 35 ^ 

' 37 ^ 30s 
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Two of the corrected residues were, treated with hydrofluoric acid, but 
no decrease in weight resulted. , ‘ . 

Barium was also determined by dissolving, the barium phytate in about 
200 c. c. of water with a few cubic centimeters of dilute hydrochloric acid, 
Tw.enty c.c. of 0.4 iV' sulphuric acid were added to the boiling solution, 
the whole was' boiled about half an hour, and then set aside on a liot-water 
bath for several hours. ■ The precipitate, after standing overnight, was 
filtered, washed, and ignited. ■ On weighing, then fusing and reprecipitat™ 
ing, the, barium, as was done above, a slight increase in weight was ob- 
served. The filtrates from the barium precipitates after fusion were united, 
evaporated to small bulk, acidified with nitric acid, and ammonium molyb- 
date added. , A yellow precipitate was found after standing, and the 
phosphoric , acid then obtained was weighed as magnesium pyrophos- 
phate. , By fusing the impure residues amounting to from 0,2754 to 0.351; 1 
gm., the magnesium pyrophosphate obtained was found to be o.oiSig 
0.0092, 0.0095, and 0.0074 gm. 

The weight of the residues of barium sulphate before and after correc- 
tion for phosphate is given in Table II. 


Tablu — Quantiiy of barium sulphate a and magnesium pyrophosphate precipitak^d 

from a solution of barium phytate 


Sainpies No. 

Uncorrectecl. 

FuvSed and cor- 
rected. 

.Phospl'ioiic 
acid as magne- 
sittm pyrophos" 
pirate. 

1, 

Gm. 

0. 2754 
.3117 
.4672 

Gm. 

0. 2785 
, 3128 

• 4703 

GV».' 

0. Ol8x 
, 00.92 







« Not calculated to water -free basis. 


The filtrate containing the phytic acid from which the barium was 
precipitated by the foregoing method still contained a few tenths of a 
per cent of barium. On evaporating to small bulk or igniting, a small 
precipitate of barium sulphate was' obtained. It would appear that 
phytic acid has some solvent action on barium sulphate. 

The fact that phosphoric acid was precipitated along with the barium 
sulphate by very dilute sulphuric acid suggests that tlie. composition of 
phytic acid as determined by Anderson may have been affected. The 
phosphorus, if carried down with the barium sulphate, would cause a low 
phosphorus content in the remaining solution. 

It was attempted to determine barium by first igniting the salt, but a 
white ash could not be obtained, and the residue was extremely difficult 
to dissolve after ignition. Phosphoric acid was best determined by the 
Neumann method, filtering off the barium sulphate formed on dilution. 
The results were about o.i per cent lower when determined by precipitat- 
ing the barium with dilute sulphuric acid and evaporating the phytic 
add thus obtained with magnesium nitrate and igniting and adding 
the phosphorus anhydrid found in the fused barium residue. 

Carbon and hydrogen were determined by the regular combustion 
method, passing oxygen through the apparatus during the burning. In 
each case the black ash remaining was ground up with potassium 
dichroroate and rebumed. 
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The analyses of the barium phytate are given in Table III and are 
calculated to the water-free basis. The barium and phosphorus content 
is lower than that reported by Anderson for tribariiim-inosite-hexaphos- 
phate. Whether the barium phytate obtained was composed of a single 
salt of inosite is not absolutely certain. 


TabIwR III . — Analyses of barium phytate calculated to the waterfree basis 



Soiii’ceof bixriiiiri phytate. 

tJnpolislied rice. 

Rice bran. 

! 

Sample 
No. I. 

Sample 
No. 2. 

Sample 
No. X. 

Sample 

No, 2. 

c 

Per cent. 

6.63 

1-75 

16.43 

36-93 

Per cent. 

6. 97 

I. 84 

16. 38 

36. 84 

Per cent. 

6. 62 

I. 82 
16. 06 
37 - 79 

Per cent 

6. SI 
1. 87 

16. 05 

37.84 

H 

P 

Ba 



UNPOUSm^D RICU a 


Sample No. 

Quantity 

used. 

H2O 

CO2 

MgaFsOx 

BaS 04 

X 

Gm. 

0. 3729 

•3551 
•4752 
- 2365 
■ 4514 

.5042 

Gin. 

0. 0607 
. 0605 

Chn. 

0. 0900 
, 0901 

Gm. 

Gm. 

2 



I 

2779 

. 1379 


2 . . . 





I , . , . . 



0. 2811 

2 









men BRAN b 


Sample No. ■ 

1 ' Quantity 
,.,iised.- 

HaO 

CO3 

MgsfPssO? 

BaSOt 

I. . . 

1 Gm. 

0-2559 

.3271 

- 55*4 

-4765 
• 5514 

- 6730 

Gm. 

0. 0445 
« 0533 

... Gm. 

'O* 06x3 
'.-0771 

Gm. 

. Gm. 

2 . : 



I 

0.3137 

.2709 


2 







". O'. 349 '^ 

/ 4 a 5 X 










lost o,mm p;,m. HvO‘'«o.76'iku' cent of tnoisturc. 
if* 0.9717 tim., lost o»oia9 gm. per cent «">f iriolnture. 


Inosite was prepared from, the barium phytate of .rice bran by heating 
ill sealed tubes to ■ 150*^ C. about 2 'gm, of the salt' with 20 c. c. of' 30': per 
cent sulphuric acid for five hours. ■ 

' The sulpliuric acid was precipitated with barium hydroxide, .the' excess 
of barium 'removed, by' carbon .dioxid, and the, filtrate evaporated' to 
dryness.' The residue^ was 'extracted with hot water and filtered. 'The: 
inosite' was^ p:recip,itated' by* ether and. alcohol and recrystalliEed.; three 
times 'as: ininiite 'needles. ' These gave the 'Scherer reaction and''" melted 
at2,23,^,C.j uncorrected. 

.' ' Thanks ':'afe 'due ' .P. Kelley/ ''Of' the: .''Hawaii '.Experiment.'St'ation',,' 
who'.'suggested'' this, '.work 'On phytin in:' .rice, and .gave , helpful ""advice 
throughout. 
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TWO CTOVER APHIDS^ 


By Edith M. Batch, 

Bniomologistf Maine Agricultural Experiment Station 

It recently came to my attention that two distinct species of clover ' 
aphids are rather generally confused in collections under the name 
''Aphis hakeriJ' As the range of both species extends nearly^ if not quite^ 
across the continent, it is a matter of more than local interest that this 
confusion should be straightened out. Specimens have been received 
from Messrs. J. J. Davis, A. Maxson, and H. F. Wilson, and I am in- 
debted to Prof- C. P, Gillette for reading the manuscript and for the 
determination as to which species should properly be known as Aphis 
hakeri, 

I have been unable to secure a type specimen of Aphis brevis for 
examination, although through the kindness of Br. L. O. Howard, Chief 
of the Bureau of Entomology, and Mr. H. Hayward, Director of the 
Delaware Experiment Station, a thorough search was made both at Wash- 
ington and at Newark. I feel confident, however, that Prof. Sanderson^s 
careful description and figures ^ are sufficient to enable us to refer the 
long-beaked clover aphid to that species with safety. 

Aphis hrevis Sanderson (hong-beaked clover aphid). 

In the vicinity of Orono, Me., the leaves of the hawthoni {Crataegus 
spp.) in June are commonly twisted into dark-purple swollen curls and 
are inhabited by an aphid the fall migrants of which were described by 
Prof. Sanderson as Aphis brevis? This insect takes flight from haw- 
thorn during June and early July and returns late in the season before 
producing the sexual generation. I have taken the fall migrants on cul- 
tivated plum {Pfunus spp.), but as yet have made no spring collections 
from that host. In June and July, 1906 , 1 collected apparently the same 
species from the twigs and terminal leaf curls of the Japan quince 
{Cydoniajaponicd), 

Not being able to find characters to separate these collections from 
certain specimens labeled '' Aphis received from the Middle'Westy 

l uiidertook some transfer tests during' the summer of 191 2, . and found 
that my Aphisbrevis accepted both alsike and other clover . 

Migrants placed on alsike and, white clover,' produced' nymphS' that fed 
with apparent satisfaction on the test plants.. ' The potted white,' clover 
was, however, more easily managed in the laboratory, s.o it' was selected' 
for'ttie main rearings. The transfer was made on, June 14. , The migrants 
fed on the clover, and their abdomens became distended.":; At this time' 
the head',' thorax,' and cornicles were black, and. , abdomens ' olive '..'..gree'n, 
with distinct black lateral dots. By June 2'x. their abundant progeny, 
were established on both stem, and runner. ' The nymphs at first were pale 
and pellucid, with rosy head' and pro thorax. By June 24 this generation, 
had matured, but did not begin to reproduce for a day or two." : By. June 

i 'Papers from, tire Maine Agricultural Experiment Station; Entomology .No, * 7 ^, 

, *Sanderson,f.E, X>wiglit. lleport .of tke '.entomologist. V».nel. Agr, Exp.. Sta. 3 : 3 tir'Ana. Rpt. |r9o6l,./'or',. 

p, I57-JS8.' ' ' ' " 


I'O'umal .of .A'f .iriculttiral Mesearck, . .' ' 

of Agf xcttltnrc, WwMngton, O'. ,C. 
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27 tliese adults had lost the rosy 'hue they had nymphs and had become 
creamy wliite or grayish white with black antenmci dusky legs^ and deep 
rusty spots at. base of cornicles, but 'with no rusty line connecting them. 

On .August 5, 1912, my 'attention' was called to -itifested sweet-pea 
{Lathyrus odoraius) 'vines, which had vigorous colonies of red aphids on the 
stems at the surface of the ground extending for an incli up the plants* 
Tliese proved to be the long-beaked clover aphids,, and the source,, of the 
infestation doubtless was the hawthorn tree, a, few 'rods distant which 
had been heavily attacked by the spring generations of "this species earlier 
in the season. 

The spring' forms on. the haw'thorn include two types, of apterous 
females.. One,,- possibly the stem mother, has the head, prothoiux, 
and thorax soft .coral pink. Joints 'I,. II, and III of the antenna are 
coral pink or pellucid, while the other' joints are black. The abdo:n:ieii 
is olive, green mottled with brown and pink, with a slight bloom only. 

■ The' very short; cornicle is light pellucid with the merest dusky t'ip, 
and the very short cauda is dark brown. 

The . apterous female of the second (or third?) generation has the 
bead,' .prothorax, and thorax crimson, overcast with a slight blooiii, 
Joints.T," II, and III of the antenna are pellucid, while IV, V, and VI 
are black. The. abdomen , is crimson, mottled with olive green and' 



Fig. i.-^ApkL^ brevis: Antmuia of fall alate lemak collected from liawthorn. 


covered with slight bloom. There is a pale olive space about the base 
of the short cornicles, which are light olive green. 

The' spring migrant before flight has the- dorsal surface of the head 
shining black, the ventral reddish, with a black beak and the atitenmc 
black; the prothorax is black with red membrane; the dorsal lobes of 
the' thorax are shining black, the breast reddish black; the dorsum of 
the abdomen is .red in' form of ,a heavy cross, the part about tlie cor- 
nicles being .pale olive green; , the' venter is red.. These same migrant', .s 
,after feeding on clover juice lose with age tlieir reddish cast, tf'ie. ab(,'!o'" 
mens then becoming .olive green. 

■ :The nymph,' which is to beco,me the spring migrant,' ii"i the prcdu'iagcr 
stage has 'its,' head and thorax coral pink, its abdomen reel and' more 
or ..less 'mottled,, with a pale olive green space about tl'ie cor,nic!.e e„xte',iicb 
ing over several segments. . ' ' 

, " The fall alate form .does not differ es.sentially fro,i:ii the .spiing i"riigTaii,'t'.. 
'Thesensoriaof the antenna, (fig. '.i) are clistribi,ited over , joints III, IV, .arid 
V," in practically the , same numbers as the spring migiunt^,, 'although 
some', individuals of the spring form have fewer to none on Joint -W 
'V, and ' VI_ are' nearly, subequal, and they. are both .sometimes longer than 
those shown in, figure i..y Joint V 'is sometimes a .little sI'!oii:ef than 
■■' ' Joints; IV,', V,',and Vl in the male are. relatively .longer tlmii those in 
the'alate female 'and': there,' are frequently ''niore' sensoria on , IV and, 
V,'''as, .well" as .sometimes from''One' to several .on basal 'part, of Joint ,V'I 
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The lateral tubercles of the prothorax and abdomen are distinct 
and blunt in both the alate and the apterous generations. 

The beak in the apterous forms ordinarily reaches easily to the second 
coxa, and in the alate , forms well beyond the second coxa, sometimes 
reaching the third. The most distinctive character of the wing is the 
short, broad stigma with a blunt distal end. 

ApMs bakeri Cmveti (Short-beaked clover aphid). 

About the middle of August, 1914, large numbers of an aphid from 
Trifolium pratense were taken by Mr. George Newman at Orono, Maine. 
This species was distinct from the one just discussed, and yet I found 
that it was commonly listed in collections as Aphis bakeri. In the 



FiO. 2. — Aphis brevis: Antenna ol alate male. 


original description of Aphis cephalicola Cowen,^ a synonym of A . bakeri^ 
according to Gillette and Taylor the specifications “Third joint of 
antennae tuberculate, with numerous irregular seiisoria, fourth with few 
irregular sensoria,” and “Beak hardly reaching second coxa^^ at once 
applied to A . bakeri of this paper and distinctly did not apply to A, brevis. 
Aphis bakeri is found also upon shepherd's-purse {Capsella bursa-pasioris) 
in the fall and early spring, but whether there is a migration between 
shepherchs-purse and clover I do not know. Mr. Wilson lent me speci- 
mens of this aphid collected from the hawthorn in Oregon. It occurs on 
apple {Mains spp.) in Colorado.^ I have made a single collection of a fall 
migrant on hawthorn at Orono on October I, 1914. 

The habitat of the short-beaked clover aphid on clover seemed to 
be the ventral side of the leaf and the stem near the ground. Tlie colonies 



Fig. bakeri: Aatctma of alate.- femak collected from clover. 


were frequently covered by ,“ant sheds/' as well as sometimes -extend- 
ing for a short distance underground.' 

This species is smaller, more slender, and graceful- than the' long- 
beaked clover aphid. Joint V of .the '-antenna' is .noticeably shorter than 
'IV' and is without: sensoria,' except the, usual distal one, in- the summer: 
winged' viviparous female ■ (fig. 3.) . The stig'ina ' is rather 'iiarro-'w .and the- 
distal end acute. ' - The beak hardly ''reaches the- second, coxa "and', fre- 
quently falls considerably short' of ■■it' 'The prothoracic and' abdominal 
lateral tubercles -are prominent, -but very slender. Both sp.ecies have'' the' 
cornicles and caiida very short. 


1 Cowen, J. H. -[Apiddidae,] In Gillette,' C,.P., and Baker, C. F. . . A 'preliminary list of tlie -hetoiptera 
of Colorado. Colo,- Agr, lixp. Sta. But 3,1; (Tech, Ser. r), p.'iiS. 3:89s*- 
58 - Q'iilette, C. Ft.,, and Xaylor, E. It, A- few, orchard plant- lice. Colo.- Agr. ,Exp. Sta.' "But 133, ,47 
fig,', 4 pi. ,1908. ■ ,,*■ , ■, „ ■,' 
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NET ENERGY VALUES OF FEEDING STUFFS 
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COOPERATIVE INVESTIGATIONS BETWEEN THE BUREAU OF ANIMAL INOUvSTRY 
OF THE UNITED STATES DEPARTMENT OF AGRICULTURE AND THE INSTITUTE 
OF ANIMAL NUTRITION OF THE PENNSYLVANIA STATE COLLEGE 


INTRODUCTION 

Besides supplying certain specific forms of matter (ash ingredients, 
proteins, lipoids, carbohydrates, vitamines, etc.) essential to the normal 
course of metabolism, the feed of an animal is, so far as we know, the 
sole source of the energy whose transformations constitute the essential 
phenomena of physical life. This energy is contained in the feed as 
chemical energy, and the maximum quantity which any substanee can 
furnish for the vital activities by its oxidation in the body is measured 
by its heat of combustion. It rarely, if ever, happens, however, that 
this maximum effect is realized. In practically every case a larger or 
smaller proportion of the chemical energy of the feed escapes unutilized. 
These losses of energy are of two general classes. 

First, a portion of the chemical energy of the feed fails to be tranS' 
formed at: all, leaving the body as: chemical energy in' the visible excreta 
and ' in' The ' combustible gases'' .arising from gastric and .intestinal 
fermentations. ' . ' '.u:,''''.. . . ' 

, Second, .another, portion of the-"chemicai energy of,, tiie, feed is indeed 
transformed, but at, ordinary temperatures virtually results' 'merely, in, a 
superfluous heat production. , ,It is true that the metabolism 'co:nse,qU''ent 
■upon feed consumption is not only unavoidable but ma'y'^'be, regarded, as' 
a 'nc'cessary', expenditure ,nf energy' for the support' of The 'activities con-: 
Uected with digest'ion, and' as'similati'on, ,■ 'Nevertheless, from, the stand-^, 
point of '.the 'net, gain or losS''by "the', organism' this, portion of the feed 
energy, which' ultimately takes the, form vof '' heat, .'and' escapes from the 
'bod,y,'''mtist 'be,'''regarded as a'.l'oss.'^^ 

' 'The' remainder of' the chemical energy.' in the"fee'd,',;Mter'.deductmg these 
two classes of: 'losses, , 'has been .. designated as its net energy value and 

Joiimal of Agricultural Rcsmtch, 
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expresses the net effect of the feed either in' causing a storage of cliemical 
energy in the form of fat, protein, etc., in the body, or, in the case of a 
siibmaintenance ration, in diminishing the amount of energy which must 
be supplied by the katabolism of body tissue. ■ ■ 

The investigations of the last 30 years have shown that both the general 
problems of nutrition and the economic'.questions relating to the feeding 
of domestic animals may be advantageously studied from the standpoint 
of energetics. From this standpoint, it is of importance to determine 
as accurately as may be the losses' of energy which feed substances 
undergo in the two ways just mentioned and the resulting net energy 
values. In the following pages are reported the results of a considerable 
number of experiments on cattle carried, out at this Institute during the 
years 1902 to 1912, inclusive, in which these losses have been determined 
for certain feeding stuffs.^ These experiments up to the end of 1907 
have been already reported in full (7, 8, 9, 10) ^ and it is hoped to discuss 
the details of the later ones in subsequent papers. Here it wdil be con- 
venient, following a general description of the experiments, to consider: 

I. The losses of chemical energy. 

IL The expenditure of energy consequent upon feed consump- 
tion and its factors. 

III. Net energy values and their computation. 


GENERAL DESCRIPTION OF THE EXPERIMENTvS 


The experiments were made wdth the aid of a respiration calorimeter 
of the Atwater” Rosa type, the essential features of which Iiave already 
been described (3, 4, 7). The apparatus permits a determination of the 
water vapor and carbou dioxid excreted, of the carbon and hydrogen in 
the combustible gases produced, and of the heat given off, but not of the 
oxygen consumed. In addition to the ordinary feeding analyses of 
feed and' excreta, the quantitative' collection of ' the fecCvS and urine and 
the dete,rmination of the .amounts of carbon, hydrogen, and e.ne,rgy con- 
tamed.' in them were also necessarily, involved. Tlie expcri'merits C0',rii- 
prised, in all, 76 single feeding periods. ' Each period covered at lea'St 3 
weeks, of which 11 days or more constituted a preliminary period, while 
'the visible .'.excreta, were collected, for .the last 10 days, during wlik'h, on 
the seventh and eightlr days,, the complete' balance of matter and energy 
'was'.'de'tennined' for 48 consecutive. hours in the respiration caloiiineferr'* 
The accuracy 'of this instrument was tested by means of iiumerotts alcohol 
■checks. " The, results of 18 .suGh’'checks'(io,'p. 2,i7-*222) showed that the 


, ■ i In all, oTcr 30 persons have taken a more .or^ less direct part in the respiration trials and in the lariK 
amount of analytical, clei-ical, .and.miscellaneons work involved in the escperimcmti. For obvious 
. it IS impossible even to .attemptany statement of the exact p'art .taken by .ind'ividml® or 1 0 make ncktwwl- 
■edpnmts for the specific work done by .each person.’ ■ . 'This is all the more true becaiim the nmi i 
factor, m whatever 'succes.s the, investigation has attained, -and one which by its nature is incapAble «l 
such' partit,ion, is the.loyalty and zeal which, all concerned’ have shown 'in the, exechiloti of t he pku of the 
investigation and wa securing the greatest attainable accuracy of detaik.^ 

2 Reference is .made by number to',“ I^iteratnre cited,.’* p,’'’48o*4«, ’ 

8' For d’etahs.reeardmg:t,he methods anpiayedcpfflparethebuHetiiM of the Buteatiof Aniinal toltistry 
’.already’ cited’ (7. '8, 9’, ''io),espedaIly BuIjetm-x'aS'Cto)., as well as the detailed descrlptioiw of the 

'smgle.^experiments contained 111 that bulletin, ■ ■ ' ' ' . ’ 
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values obtained in a single experiment may be regarded as accurate to 
within the following percentages of the amounts determined: Carbon, 
dioxid, o.5; waterj 6.0; heat,' i.o. 

A further test of the accuracy of the work is found in a comparison of 
the observed heat production with that computed in the ordinary way 
from the balance of carbon and nitrogen. Comparisons of this sort for 
57 feeding periods up to the end of 1909 (5, 6) showed an average differ- 
ence of 0.4 per cent. The results of the later comparisons reduce this 
difference to 0.3 per cent, or, if the unsatisfactory results of the year 1905 
be omitted, to 0.04 per cent. The total amounts of heat involved are as 
followi^s: 

76 periods. 68 periods. 

Computed heat production Calories. . i, 338, 887 i, 231, 711 

Observed heat proditction do — i, 343, 071 i, 231, 251 


Difference.' do 4,184 460 

Percentage difference. o. 31 o. 04 

While the basis for the computation of the heat production is not alto- 
gether satisfactory, especially in the absence of determinations of the gain 
or loss of glycogen by the animal, nevertheless the general agreement is 
such as apparently to preclude the existence of gross errors. 

feeding stuffs 

The dry matter of the several feeding stuffs used had the following 
average composition, as shown in each case by concordant analyses of 
two or more separate samples taken at the beginning of each experiment 
(Table I). The more important determinations were also repeated upon 
samples taken when the feed was weighed out for each period, and these 
period results fonn the basis of the computations on subsequent pages. 


Tabi^E I .'^Composition of ike dry matter of the feeding Huffs 


I^'eedipg stuff and eKperi" ' 
ment No, 

Ash, 

Protein. 

Noil- 

protein. 

Cmde 
. ■ fiber. 

.Nitroiten- 

free 

extract. 

Ether' 

'extract. 

Heat of 
.combiis- 
tioaper ' 
kilogram. 

Timotliy htiiy : 

Percent. 

Per cent. 

Per cent. 

Per cent.. 

Per cmt. 

Per cmt. 

Cahrm. 

3:74. 

4. 64 

'S- 

0. 24 

38. 92 

49. OX 

2, oB ' 

4,554 

' 3:90.... 

4-87 

5.08 

•39 

38.15 

49 '- 52: 


.'.' 4 ,, 43 „x 

aoo ■ — 

S- 86 

6 . 72 

• 83 

33. 02 

51,01 

2.. 5'6' 

4, 516 

207. ' 

S* 

6 . 90 

.24 

■ ' 3^15 

54 - SS 

2.15, 

4,505 

Red clover hay: 




: ' 179 - ' 

6. 40 , 

^ 12. 90 

I, 61 

31. 61 

44. 81 

2- ,67 

: ' 4, 457 

186'..... 

6.57 

IX, 18 

.89 

,'2S,','78 

49-65 


',, 4, "492 

Mixed hay:. 







'7.01 

9. 62 

1. 29 

;'''; 33 - 73 ;' 

46. 00 

',,,'2. 30,' 

- ' 4 '?'' 396' 

Alfalfa hay; 


IX. 86 




208.'., .. 

' . 9.'40 

' '" 2. 5'2/ 


■ ' 42. 7 'S" 

',, . ' X. 'SI 

''"'" 4 r 403 ' 

' ' 209. 

,10, 7 6 

12.09 

1.67 

' ' 3 '^ 70 

1 ',41. ,86. 

/ ^'92 ,' 

'," 4 f 33 ® 

'212.,....,.'.,.,... 

' 9. 06 , 

: '12. 39 

2.86 

■ .j'O., 10 

43 - 63 

; "I'."96' 


Alfalfa meal ; ' 




"'""212. 

.'.'.9.24' 

'II. 75 ',- 

■■ ■'.2,^87 :■ 

;,' 3 I. 12 ' : 

43. 17 

X* 85 

4 , 374 

Maize stover:, ' 






' ' 31 Q, total. . ....... . 

' '6. 14 

4. ,09 ■ 

.86 

36.15 

51-46 

3 ^^ 

4 » 337 

' »'fo, portion eaten 

; 6. 6'f 

4.46 

.93 

3 S -23 

51 - 25 

X* 41 

4 ^ 33 « 



438 


Journal of Agricultural Research 


Vol. lit No. 6 


TABtB 1.— Composition of the dry matter of the feeding st^ffs-^CiMithumi 


Feeding stuff and experi- 
ment No. 

Ash. ■ 

Protein. 

Non- 

protein. 

Crude 

fiber. 

Nitrogen- 

free 

extract. 

Etlicr 

exti'act. 

Heat of 
combiis- 
tjoii 

kilogriiiit, 

Mai 2 ;e meal : , 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Cakmes, 

179 - 

3^-37 

9 - 94 

.48 

2 . 60 

81.38 

4.23 

4,431 

2 II. 

I. 62 . 

9 . 29 

. 24 

3 , 16 

8 d. 64 

S*'«>S 

4,557 

Wheat bran: 





^ ^' 9 °' '• 

, 7 - 52 

14.50 

•49 

11.49 

61. 88 

4 . 12 

4 , S 32 

Grain m'lxtiire No. i 







200 '. 

4 . 10 

16. 97 

3*43 

6 . 09 

62 . 89 

6.52 1 

4, 690 

207 . 

4. 14 

17. 95 

2 . 22 

6. 16 

64.38 

5*^5 

4, 670 

Grain mixture No. 2 






208 . . 

, 2 . ,78 

12 . 07 

.78 

5 - 63 

73 - 65 

5 * 09 

4 , 604 

209 — ■ — '■ 

2 . 54 

13.21 

•54 

5. 81 

72.77 

S* ^3 

4 , 6 x 7 

Hominy chop; 





72 . 6 s 

8 . 85 


211 -... 

2 . 75 

9 * 33 

I. 29 

5 - 13 

4, 709 


a Wheat bran» 14.28 per cent; maize meal, 42.86 per cent; old process linseed meal, 42.86 per cent. 
6 Maize meal, 60 per cent; crushed oats, 30 per cent; old process linseed meal, 10 per cent. 


ANIMAtS 


Nine different steers have been used, varying in age from ii inontlis 
to approximately 6o months at the beginning of the several experiments*^ 
They were ■ either full bloods or high grades of recognized beef breeds, 
with' one exception, steer B, which was distinctly of the dairy type and 
of mixed breeding (scrub), Jersey blood apparently predoininatiiig* All 
were docile animals and were thoroughly accustomed to the necessary 
handling, to wearing the apparatus for the collection of excreta, aud io 
their surroundings in the digestion stall and the 'calorimeter. Further 
particulars concerning them are contained in Table II. 


Tabbi? ii . — Description of the animals used in the expermenis 


of 

ents in 
nsed. 

Age at },X‘gin« 
Tiing of cacti 
cxpt'rittient. 

Ayemgc live 
weight, in, each 
cxpcrsnici'tt:, 

174 

Mimihst 

' Kiherttmx, 

■ , 408 

m 

48 

5*8 

m 

. 60 

', ■ S7« 

U) 0 ' 

:u; 

,274 

200 



207 

35. 

'Si'o 

.190 



200 

"'■«S 

3?3' 

207 

37 

,,, 380 

208 

9' 

'v. ''2,75 

208 

' ■ 9 

', ,167 

■'.210 

',21 

33’* 

2 IX 

■ 33, 

■ 449 

■ 20S 

',9 

208 

209 

'' : ' ' n 

,'300. 

2X1 ' 

.. ' 

. 379 

■ 2X'2'" 

■ , 30 

'345,., 


';c.; 

: B. 

'•B. 

vB.' 

:b. 

"■■H. 


AtiimalNo.' 


Breed of ammal. 


Grade Shortlibm , 

'Aberdeen Angus. 

Scrub. 

Crude Hereford. .. 
. .''.do. 
do. 


.do. 


Bull-blood Hereford. 
Bull-blood Shorthorn 


' tug . periods. 
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1. LOSvSIivS OF CHEMICAL ENERGY—METABOLIZABLIF ENERGY, 

The losses of chemical energy occur sitbstantially in the, feces, and 
iiriiie and in tlie combustible gases. 

The energy content of the dried feces and urine is^ readily determined. 
Ill investigations at this Institute, Braman (16) hUvS shown that the loss 
of energy in the drying of urine may be estimated with a good degree 
of accuracy, tlie error being insignificant in comparison with the total 
energy of the feed. The possible loss of energy in the drying of the 
feces has not yet been investigated directly,' although Fingerling, Kdliler, 
and Reinhardt (18) have observed a loss of carbon, the amount of which 
they do not state. , 

The energy content of the combustible gases is not susceptible , of 
direct determination, but must be estimated from their chemical com- 
position. The combustible gases which have been actually identified as 
excreted by cattle are methane and hydrogen. All investigations are in" 
accord in showing that the former is the chief product of the normal 
fermentations occurring in the digestive tract, but results differ regarding 
the extent,, to which hydrogen is formed. In our experiments the gases 
were anal37zed by passing them over platinized kaolin at a , red heat. 
By this method in almost every instance a ratio of C to H slightly greater 
thaxi that in CH4 (2.976 to'i) has been found, the average' of 57 experi- 
ments reported by the junior author elsewhere (19) being 3.167 to^ ,x, 
with considerable variations in individual casCvS. We are inclined to 
think that this high figure is due to failure to oxidize the last ■ traces of 
hydrogen in the combustion tube. On the other hand, Markoff. (37, 38), 
in his, extensive' investigations' of paunch fermentation in cattle, found 
in nearly every instance a small amount of hydrogen, and Von der Heide,' 
Klein, and Ziiiitz (20), in , respiration" experiments upon an o.x,; observed 
a small excretion of hydrogen in two 'cases out .'of four, " In compitting 
the energy losses' in the' •following experiments it has been „assunied ^that 
the combustible gases consisted of CH^ '(methane), and 'tli,e'co,raputa'-', 
tio,ns liave been based i,'i,pon the observed quantity of carbon. 

The difference between the chemical e,nergy .of the ■ feed and that, dost 
in the excreta' show's how much of the'fonner is, capable' of being con-' 
verted, into other forms in the body, either during the. cliangcis 'Which' the 
■ fee,d ,, undergoes in the digestive tract or in the' course of 'metabolisim' 'm 
'the tissues. ,This convertible portion of the feed energy has been 'given 
various names 'by di',ffe,rent i'nvestigators, such ,as,; '‘physiological 'heat 
value, ‘‘fuel value, available energy, ’Fete. '■ Without' 'entering 'here 
into a discussion of the propriety of these names, we have preferred for 
our present purpose to follow the suggestion made earlier by the senior 
author (2, p. 270) and to designate it as “metabolizable energy.” By 
this term is meant simply the energy capable of transformation in the 
body, with no implieations as to the proportion of the energy thus trans- 
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formed which can be utilized by the organism. The heat evolved during 
the methane fermentation, for example, constitutes part of the metab- 
olizable' energy as thus defined., although it does not enter into the tissue 
fnetabolisni. . 

; The determination of the losses of chemical energy from a single feed- 
ing stuff or from a mixed ration is relatively simple, as is illustrated by 
the 'following' example taken from the results on steer B in experiment 
207..: 

Computation of losses of chemical energy from a ration 


Bneigy of feed: ' ■ ■ Period 2. Period 

Timothy hay 12, 477 Cals. 12, 618 Cals. 

Grain mixture No. i 12, 549 Cals. 

Total ' 25, 026 Cals. ^ 12,, 61S Cals. 

Energy of excreta: 

■ Feces 7, 371 Cals. 5, 247 Cals. 

Urine i, 536 Cals. 627 Cals. 

' Metliane. 2, 098 Cals, i, 057 Cals. 

Total. .. II, 005 Cals. 6, 931 Cals, 

Metabolizable energy, ' i4) 021 Cals. 5, 687 Cals, 


Since concentrates can not be fed alone, the losses of chemical energy 
which they suffer, like their digestibility, must be obtained by means of a 
calculation by difference, which in period 2 of the foregoing example is 
as follows : 

Computation of losses of chemical energy by a concenimk 



Chemical 

,Cheniical energy 

of e:3ccreta. 

Mete'bo* 


energy 




lizabic 


of feed. 

Feces. 

urine. 

Methane. 

energ'y. 


Calories. 

Calories. 

Calories. 

Calorics. 

Calorics. 

Total ration. 

.. 25,026 

7, 371 

1.536 

2 , o(:i8 

1:4, 021 

Computed for hay. 

•• 12,477 

57254 

■' S9X 

h 00 $ 

5. 629 

Grain mixture by difference . . . 

.. 12,549 

2 ,XI 7 

945 

1,095 

8. 392 


Computed in the manner just illustrated, the losses of chemical energy 
per' kilogram' of dry matter consumed in- these experiitients and ttiC' 
metabolizable energy remaining are shown-'in Table 111 , wliidi includes 
also the percentage distribution of the feed energy betwC'Cn tlie various 
excreta,, on the'. one hand, and the>ietabolizable energy, 'oti: the otlierd 
For ""convenience, .the average results for the luetabolizable' eiiergy per 
kilogram: of dry matter .and per' kilogram of, digestible organic matter are 
■brought together in Table TV,, 

: In all cases the, observed energy of the urine has been corrected to nitroffcti, erjuilibrtutn of the nriiiiml 
by adding: ',7.5 Calories lor each gram of nitrogen, retained by the animal or sti,bt:raetkig the same imioiint for 
each gram of body nitrogen lost, the correction being regarded as representittg'^iergy of eX'Creiory nriiterlal 
temporarily retained in the body . , , 
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TabIvE III . — Losses of energy and their percentage distribution 


Feeding stiiif and 
experinientNo. 


Timothy hay: . 

174®.. 

J90 

190 

190 

190 


Average. 


200. ^ 
aoo., 
'aoo. I 
200.. 


Average. 


207. 

207. 

207. 

207. 


Average. 

Red-clover hay: 

X79’ - 

179 


Average. 


186. 

x86. 

186. 


Average. 


Mixed hay: 
all...... 

ssjn,..,. 

2X1..... 

2X1.. . , , 

aw,.... 

311 ..... 


Average. 


AHalla hay: 
ao8, , , , . . 
aoS...... 

'ao8. 

ao8.,> ... 

3 q 8 ...... 

ao8 

, ao8..,.;. 
ao8,.,,,. 


' Average. 


Dry matter 
eaten per 
day and 
head. 


Energy per kilogram oi dry 
matter. 


^ a 


6 

13 

0 

*C 

a 

Ph 

Coarse feed. 

Concentrates. 

0. 

Tosses. 

w 

Metabolizable pei 
of digestible organ 

In feces. 

In urine. 

i 

5 

§ 

0 

ho 

1 

S 

v 

fli 

In feces. 

.c, 

d 

a 

'C 

a 

a 

0 

d ■ 

M 


Gin, 

Gm. 

Cals. 

Cals, 

Cals. 

Cals. 

Cals. 

Cals. 





D-A 

4,483 

356 

4, 554 

2,439 

156 

28s 

1,674 

3,483 

S.bS6 

3-44 

6. 25 

36. 75 

3 

3,001 


4, 502 

2, 209 

164 

309 

1,820 

3,429 

49.06 

3-64 

6. 87 

40 . 43 

4 

3 j 493 


4,488 

3,306 

138 

303 

1 . 75 X 

3,480 

51-38 

2. 86 

6-75 

39 - 01 

3 

X, 774 


4 .tS 03 

2, 209 

141 

34a 

1,811 

3,399 

49-07 

3 - 14 

7. 60 

40. 20 

4 

2,610 


4,483 

2,176 

■ 12s 

304 

1,878 

3,484 

48 . 55 

2.79 

6- 78 

.41.88 


2,470 


4,404 


139 


1,815 

3,448 

49 - SI 

3*09 

7. 01 

dO, 39 

3 

2,647 


4,510 

2 ,X 7 S 

iSS 

? 3 X 4 

1,866 

3 , S 97 

48. 22 

3.44 

' 6. 97 

41-37 

4 

4^425 


4 >S 09 

3,250 

153 

^301 

1,80s 

3,566 

49-91 

3.40 

6. 68 

4o,-oi 

3 

3,470 


4,5x0 

2,092 

168 

*^326 

1,924 

3,565 

46 . 39 

3-72 

7. 24 

43.65 

4 

3 >805 


4 , S09 

3,164 

167 

631a 

1,866 

3,56s 

48.00 

3 - 70 

6,92 

41- 38 




4« 500 

2, 170 

161 


1, 86s 

3 , 573 

48. 13 

3 - 57 

.6. 94 

41-36 

3 

2,974 


4,509 

1,841 

204 

368 

2,096 

3,457 

40.82 

4- 52 

8. 17 

46 . 49 

4 

4, 893 


4 ,S 2 X 

1,888 

199 

,357 

2,077 

3,482 

41. 77 

4-40 

7.90 

45-93 

3 

2, 798 


4,509 

1,87s 

224 

378 

2,032 

3,378 

41-58 

4 - 97 

8.38 

45-07 

4 

4, 630 


4 ’ 52 X 

1,918 

208 

355 

2,040 

3,456 

42.42 

4- 61 

7.84 

45 - 13 




4 , 513 

1,880 

308 

364 

2,061 

3,443 

41. 66 

4. 61 

8. 07 

45.66 

1 

4 » 4')9 


4,450 

1,940 

306 

309 

1,89s 

3,373 

43. 61 

6. 87 

6, 94 

43.58 

a 

3 j 144 


4,426 

XrBS 7 

288 

324 

1,957 

3,452 

41-95 

6.50 

7-33 

44. M 




4,438 

1,898 

297 

317: 

1,926 

3,413 

4a, 77 

6. 69 

7,14 

43,40 

m 

2 ? 933 


4,490 

1,842 

326 

303 

2,019 

3,460 

41.03 

7 - '25 

6. 75 

44.97 

aa 

■S,, 02 S 


4,489 

1,817 

301 

243 

3,129 

3,637 

40. 49 

6. 72 

S- 4 I 

47 - 3 ^^ 

3a 

4 > m 


4,478 

*,852 

290 

254 

2,082 

3,578 

41,36 

6. 48 

S,68 

46,48 




4, 486 

1,837 

306 

267 

2,076 

3,558 

40. 95 

6.82 

, 5-95 

46* 28 

I 

] 

6, 204 


4,400 

2,077 

209 

285 

if.Sap 

3 » 44 » 

47. 20 

4 * 7 S 

'6.49 

41-56 

4 

3 14981 


4 , 39 X 

1,837 

334 

332 

1^990 

3,406 

41-83 

S '. 33 

7,54 

45-30 

$ 

x,786' 


4,390 

1,956 

255 

34 S 

1,834 

3 , 2,94 

44.57 

5, So 

7.8s 

41, 7S 

■X 

6, 093 


4,393 

1,906 

308 

300 

1,979 

3,463 

43-39 

4 - 7.5 

A.Ba 

, 45-04 

4 

3 ,»I 49 


4 , 39 X 

1,878 

220; 

319 

1,974 

3,420 

42.76 

5-90 

'7, S'? 

.44-97 

3 

1,608 

'1 

4,390 

1,917 

338 

358 

1,877 

3,3x3 

43-68 

. 5-41 

;a'. IS 

4,2-; 76 



1 

4, 393 

1,929 

’ ■ 227 

323 

l,, 9 I 4 

3,390 

! 43,93 

S' 17 

7 ' 35 

43 * s6' 

I' 

2;ISS 


4,407 

2,124 

244 

262 

1,777 

3 , 5«9 

^ 48. 21 

S'S 4 

5-93 

40,32 

2 

1,300 


4,407 

3,186 

266 

273 

1,682 

3 , 4.37 

49.61 

6.03 

6.17 

38-19 

4 

4,170 


4,4x0 

2,043 

■■ '231 

, 241 

X 189.5 

3,697! 46,33 

S ’ H 

:' 5-46 

4 a ‘97 

S 

3,408 


4,407 

2,10s 

349 

276, 1,777 

. 3 ,Sx 8 j 47-78 

: 5,64 

6, a6 

40, 34 

6 

1,413 


4,406 

■ 2, ,03 7: 

248 

281' 1,840 

3,.Sa8 46.34 

5-63 

'-6.37 

41-76 

4 

4 j 744 


4,403 

2,184' 

233 

218 

1,768 

3,65s 

49-61 

s- 29 

'■ 4- 95 

■40.15 

5 - 

3 ; 099 


4,407 

a, 066 

243 

.270 1,8a 8 

3 , 594 ' 46-90 

5*51 

6.42 

41-47 

6 

3,119 


4,406 

2,013 

250 

280 1,863 

3 ,S 76 j 45-69 

5-68 

6,37 

, 43. »6 




4,407 

3 , 09 Si 

246 

263 

1,804 

3,567! 47-54 

S' S8 

■S *94 

40 - 94 ' 


Percentage losses. 


« From analyses of individual samples'for each period, and therefore differ somewhat fromthe averages of 
. Table 1 . ' ' ' 

Corrected to iV* cquilibriiwrii,, asingRubaeFs factor, 7.4s Calories per .gram iV‘. . 
c Computed by difference. 
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Tabi-*-B of energy mid their percmtage distrilnition--‘‘Cotitimmd 


Feeding stuff and. 
expemiient’No. 

6 

1 

Period Ho. 

Dry matter 
eat.en per 
day and 
head. 

Energy per kilogram of dry 
matter. 

Metabolizable per kilogram 
of digestible organic matter. 

Percentage los.ses. 

d 

3 

1 

0 

, 45 

« 

1 

Si 

nJ' 

1 

<U 

p 4 

Coarse feed. 

Concentrates. 

3 

Bosses, 

d 

!3 

*3 

■§ 

tj 

In feces. 

n 

a 

4 

i 5 

u 

M 

In feces. 

In urine. 

0 

Alfalfa hay— Con. 


1 

! 

Gm, ' 

Gm. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 






F 


6, 174 


4 , ISO 


1 218 


1 1, 84'; 

< 3.65s 

! 46. q K 

; s* oc 

, 5. (■)(.; 

; 4 2 ' .36 


F 


Ay K6t2i 


4,328 

1,961 

244 


. iiStjc] 

> 3 ,s 8 S 

' 45 * 31 

5 * '63 

6. X 'I 

42. 96 

. 

F 

6 

3,226 


4,328 

2,078 

1 246 

t 281 

1,723 

3,47c 

> 48.01 

, 5-67 

6. 4 q 

: 39-83 






4, 338 




. i,8ic 

' 3,57c 

' 46.75 

5 - 44 

6. Of) 

41 - 7 » 


H 

X 

6,638 


4 i 5 S 4 

1. 706 

' 275 

277 

2,006 

' 3 , 5 SC 

1 4.1. .26 

6« 3 X 

6.37 

46. 06 


H 




4 , 3.38 

i.So^; 

270 

283 

1,980 

' 3,525 

41. 60 

6. 23 

6 . 5 

45 - 64 

, aia,-. , 

H 

5 

3 j 052 


4,413 

1,642 

290 

299 

2, 181 

3,729 

37 - 2.1 

6. sS 

6. 78 

49 - 43 

Average,, 





4,368 

1,748 

278 

286 

2,056 

3,601 

40. 02 

6. 36 

6. 55 

47.07 

AKalfa.meal; ■ 














H 




4,364 

x,88o 

252 

250 

i >973 

3,671 

43 - 29 

s* 78 

S* 74 

45 - 19 


H 




4,379 

1,897 

250 

259 

l }973 

3,646 

43-31 

5, 72 

5-93 

45-04 

■ SI*. 

H 

6 

SjISS 


4,379 

1, 726 

270 

292 

a, oc)X 

3,737 

39 - 41.1 

6. i:8i 

6. 66: 

47, 7 S 






4,374 

1,838 

257 

267 

2,012 

3,681 

42 - OX 

5 - .80 

6, 1:1.! 

4 S* 99 

.Maize stove,r: 












D 




4,333 

x,86o 

172 

33 5 

1,966 

3,488, 

42 - 93 

3. 96 

7, 74 

45 ' 37 

SSlCi 

B 


3> 'laS 


4,327 

1,837 

I8S 

33 s 

1,970 

3 , 4 mI 

42. 47 

4 - 27 

: 7 - 75 

45 - SI 

■■ 3 X 0 . ...... 

D 

3 

2is% 


4,337 

1,867 

195 

354 

1,921 

3., .169 

43- 06 

4 - .50 

«. 15 

44 ' *9 

Average.. 





4,332 

1,855 

184 

341 

1,952 

3 » 4 S 0 

42. 82 

4, 34 

7. 88 

45 ', '66 

Maize meal: 










179 . 

I 

3 

3^ 163 

13 S 

4,360 

633 

441 

488 

2, 798 

3, 180 

14 - 52 

xo. I,;* 

II. !20 

64. '16 

■ 179 ........ ... 

I 

4 

3jI86 

3 » 45 I 

4,366 

401 

167 

406 

. 31.392 

3 , 7 x 6 

: 9. .x8 

3' 83 

9 - 3 X 

77. tia 

'Average.. 





4,363 

“ti? 

304 

447 

3,095 

! 3,451 

1:1. 85 

6. 97 

10. 

70- 93 

an 

G 

2 

790 

Ij 542 

4,526 

382 

175 

509 

3,460 

3 ,. 83 S 

8. 4 S 

3.. 87 

I 1 , 35 

76. 4,3 

3 X 1 .. 

G 

3 

3,383 

4, 644 

4 , SoS 

948 

125 

.372 

3,063 

3,928 

ax. 04 


4 . 

67* fti 

Average.. 





4,517 

665 

150 

441 

3, 261 

3.1877 

14, 74 

3*32 

9, 75 

?a. 19 

Wheat bran:' 








rsw...... 

A' 

X 

x ,978 

; i» 37 o 

4,545 

1,484 

230 

36s 

a, 4 ( 4 i 

4, 003 

3% 67 

■»;.€* 

8.04 

54 - *’4' 

: X9O . 

A 

2 

X ,996 

2,583 

' 4,5.58 

1,440 

221 

, 311 ' 

2, S86 

3,98a 

3 *- 59 

'4.85 

6, 82 

56. 74 

' 190. 

B 

X 

1,712 

999 

4,563 

1,500 

■ 254 

' 3 . 3'2 

2,477 

3., 951. 

32, 87 

5. 59 

7. 7.H 

54 * 

'S90.,.,., 

■B 

2^ 

X ,779 

1,803 

4,461 

1,336 

271 

.340 

a., 5 14 

3,87a 

at?. 96 

6» 07 

V, 6.2 

56. 3S 

Average., 





4,532 

1,440 

244 

337 

2,sn 

3,954 

3 x* 77 


7 - 44 

55,4* 

Grain mixture.. 















, ' .No. ,1: 















. 300 . 

A 

X 

■ 2, 608 

I f 792 

4,698 

6 x 1 

358 

a 390 

3,339 

3,,946 

00 

.7,6s 

8. 30 i 

yi.o8 

aoo... 

A' 

« 

j 

4 » m 

4,695 

1,051 

a88 

* 358 

3,998 

.3,974 

22.38 

. 6,13 

7 ‘ 6 ;i{ 

6.6 86 

300 ...... ...... 

B 

X' 

i '' 2,433 

rjr 9 S 

4,697 

639 

385 

tt 381 

3 , 394 

3,923 

ip 60 

8. .19 

An 

70. %0 

300 ....,..,,., 

B, 

3 

1 a ? 454 

2,129 

4,695 

1,064 

322 

® .143 

2, 966 

3 .» 998 

22. 66 

6.86 

7 * 3 o| 

63, iB 

. Average.;. 





4,696 

841 

338 

368 

3,149 


17 - 9'1 

7- ao 

7 -H 4 

67,05 

ao 7 . 

A ■■ 

3 C 

1 2/935 

t )996 

4,658 

951 

316 

397 

3,994 

3,87.6 

20,42 

6, 78 

A.P 

64. »8 

" , ' 207 . 

'A 1 

3 

i 2,949 

4 > 7 S 9 

4,688 

1 , 0 X 9 

294 

34a 

3,03.1 

3 ', 991 

21. 7.5 

' 6. aS 

7 - 29 

64, 70 

" 207'. .......... . 

B.'l 

' , , ,'Z 

! 3 ',' 7 ' 6 i 

3 C» 39 B 

4,658 

1, 104 

363 

439 

a , '752 

3,683 

23, 71 

'' 7-'79 

9.42 

m> oH 

.207. 

B j 

' , 3 

2,774 

3,677 

4,688 

791 

353 

4 og 

3, '135 

■3,888 

.16.87 

7 - S. 3 . 

8. 72 

66. 88 

..Average.. 



. .... 

...... 

4, 673 

966 

■ . 33.2 

397 

'2,978! 

■3,860 

20, dH 

. 7.09 

8. 4«' 

63 - 75 


« Computed from digestible carbohydrates. 
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Table III. — Losses of energy and iheir percentage iutrihution-^-Ccm\knvx^6. 


Feediiif?; stuff and 
experiment No. 

d 

'c 3 

.§ 

fl 

Period Ho. 

■Dry matter 
eaten per 
day and 
head. 

Energy per kilogram of dry 
matter. 

Metabolizable per kilogram 
of digestible organic matter. 

Percentage losses* 

6 

1 

0 

1 
a 

(U 

d 

Pti 

Coarse feed. 

Concentrates. 

’d 

Bosses. 

tH 

N 

22 

0 

'42 

5 

a> 

In feces. 

i 

fl 

M 

4 * ' 

w 

0 

S 

In feces. 

In urine. 

0 

fS 

Grain mixture 















No, a: 



Gm > 

Gm - 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 





208 ...... 

F 

I 

1,086 

2; 122 

4,607 

1,258 

173 

349 

2,827 

3,887 

27.32 

3-75 

7.58 

6,1.36 

208 

E 

2 

590 

1, 163 

4,611 

840 

202 

442 

3,127 

3,837 

18. 22 

4.38 

9-57 

67- 83 

208 

E 

3 

387 

764 

4,595 

90% 

236 

346 

3,112 

3,890 

19.61 

5 - 14 

7 * 54 

67* 73 

208. 

C 

2 

731 

3 Cj 453 

4, 61 1 

1,246 

192 

463 

2,710 

3, 706 

27-03 

4. 16 

10.04 

S 8 . 77 

208 

c 

3 

S2I 

1,018 

4,594 

826 

242 

486 

3,038 

3,711 

17.98 

5. 28 

10.58 

66* 16 

Average, . 















209 

F 

1 

1,462 

3? 040 

4,629 

1,312 

170 

283 

2,864 

3,979 

28.35 

3.68 

6. 11 

61.86 

209. 

F 

2 

894 

1,862 

4,60s 

1,032 

184 

327 

3,062 

3,980 

1 22.40 

3-99 

7. 10 

66 . SI 

209,., 

F 

3 

536 

1,112 

4,604 

891 

223 

376 

3,114 

3,896 

[ 19*36 

4.8s 

8.16 

67.63 

Average, , 





4,613 

1,078 






4. 17 

7 » ifl 

6s-34 

Hominy cliop: 












«n 

D 

2 

1 , 747 

1,764 

4, 720 

542 

I 9 S 

496 

3,487 

3,993 

11.48 

: 4-13 

10* so 

73-89 

' 

D 

3 

3 >910 

3,949 

4,698 

603 

167 

371 

3,557 

4, 156 

12.83 

3- 56 

7.90 

75 .- '71 

Average.. 

.... 




4 , 709 

573 

181 

433 

3,522 

4,075 

12.15 

3*84 

9. ao 

74* 81 

Alfalfa hay and 















grain: xnixturc 















No. 2: ■ 


i 













208. 

E 

I 

j,o86 

2, 122 

4,531 

1,526 

195 

31S 

2,492 

3,810 

.13-69 

4-30 

7.01 

SS- 00 

ao8 : 

E 

2 

590 

1, 163 

4, 535 

1 1,247 

214 

380 

2,694 

3,777 

27. 50 

4.73 

8-37 

59 - 41 

. 208 

E 

3 

387 

764 

4, 532 

1,291 

237 

316 

2,688 

3,824 

28. 49 

5 - 23 

6.98 

59 - 30 

208 

C 

2 

731 

1 , 4.53 

4, 543 

1,.536 

2081 

390 

2,409 

3,687 

33 - 81 

4 - .58 

8.61 

53. 00 

2q8 . 

c 

3 

52 1 

1,018 

4 , 536 

1,264 

242 

406 

2,624 

3,696 

27. 86 

' 5-33 

'8. 9 S 

57*86 

Average.. 





4, 535 

I, ■:^73 


362: 

2, 581 


10. 27 

4. 83 

7.98 

56. 93 

209 . 

F 

X 

1,462 

3,040 

4,527 

1,540 

■ 189 


2,523 

3', 872 

34.' 67 

4. 26 

' 6. iB 

S 4-'89 

209.....' 

F 

a 

S94 

1,862 

4,516 

1,352 

199! 

30s, 

2, 660 

3,888 

29*94 

■4-40 

6* 74 

58-92 

, '209 

F 

■3 

536 

1,112 

4 , SIS 

1, 259 

■'225 

338 

2,693 

•3,, 826 

27*88 

4-99 

' 7 - 4 *^ 

59 - '65 

Average.. 





4,519 

1,384 

204 

306 

2 , 635 : 

'3, '862 

30. 63 

' 4 - S'l 

.6,77 

58.09 

Mixed dmy and' 





maize meal; 









. 






2 X1..,,....,.. 

G 

2 

790' 

1, S4« 

4 , 4 % 

897 

189 

443 ’ 

2 , 954 ‘ 

3,701 

ao. 00 

4.29 

g.m 

'"65.90 

SlXX 

G 

■3 

»j 383 

4,644 

4,468 

1,271 

156 

3.52: 

'2,68,) 

3,763 

" 28.45 

' . 3*49 

'7*88 

60. 'S'S" 

Average.. 





4,476 

1,084 

17.3 

398 

3,82 'I 

3,732 

84 - 38 

3 - % 

8.89 

'63.0a 

Mixed hay' and 





hominy chop: 
















“X>' 

2 

1,747 

1,764 

4,560 

I,a6l 

, 209 

403 

2,'6B7 

3, .775 

87-65 

4-58 

8.84 

58-93 

211..,......'.. 

B " 

3 

3 j 9 W 

3,949 

4 , 553 ^ 

1,293 

196 

340 

3,734 

3,879 

88.4.0 

,.4.30 

7*47 

'"S, 9 - 83 

' Average.,. 

.... 

...... 



4,557 

1,277 

203 

.371 

2, 706 

3,827 

28. 02 

' , 4-44 

h*'i 5 

59-39 
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TablB IV.—- Average losses of chemical energy — metaholizahU energy 



Gross 
energy per 
kilogram of 
dry matter. 

I.,osses of 

M el abolixa!) 1 e energy . 

Kind of feed and experiment No. 

chemical 
energy per 
kilogram of 
dry matter. 

Per kilo- 
gram of dry 
matter, 

Per kilo- 
gram ic,f <'li- 
gt,‘Stibl,e or- 
gatiic i,nai,te,f. 

Timotliy hay: 

Calorics. 

Calories. 

Calorics. 

Calories. 

174 - 

4, 554 

2f 880 

2,679 

1,674 

3, 483 

190 

4, 494 

1, 815 

3,448 

200 

4,509 

2, 644 

I, S65 

3, 573 

207 

4,513 

2, 452 

2, o6r 

3. 443 

Average 

4,518 

2, 664 

1, 854 

3, 4S7 

Red clover hay: 





179 

4, 43S 

2, 512 

1, 926 

37 413 

186 

4, 486 

2j 410 

2, 076 

3> 558 

Average 

4, 462 

2, 461 

2, 001 

3,486 

Mixed hay: 





. 211.. 

4, 393 

2,479 

x, 9x4 

37390 

Alfalfa hay: 





208. 

4, 407 

2, 603 

I, S04 

3, 567 

209, . — 

4.338 

2, 528 

i,.8,io 
2,056 : 

:h 570 

212. 

4,368 

2,312 

3» 60* 

Average — 

4,371 

2,481 

I,'%0 

3 »'S 79 ' 

Alfalfa meal: 





. 212. 

4, 374 

2,362 

’ 2 , 0 X 2 

3,681 

Average of alfalfa hay and meal . 

4 , 373 

2, 45 ^: 

X, 9,2 X 

37605 

Maize ' stover : ' 





210. . , . 

4 , 332 

2, 380 

*7952 

1 37450 

■ Maize meal : 





. 179 » 

1 4, 366 

974 

:h398 

3 i 7^6 

21%. . 

4 , 5^7 

X, 256 

372CII' 

37 B77 

Average............. 

4, 442 

X, X.1.S 

JuP 7 

3 i 797 

Wlieat bran:.. 





190.'..,. . — 

4, 533 

2,02,1 

■ 2 , 5 ,:n: 

3 i 954 

■ Grain mixture' No. i : 





200........... 

4 , 696 

h'S47 

2,978 

3, g6o 

' ■ ■207,...,..;. 

4,673 

I? 695 

:h 860 

' Average., 

4, 685 

1, 62 'I 

3, 064 

3, 910 

Grain ' mixture No. , 2 : 





' 208 . :V. 

4, 604 

1,640; 

3 ,, 964, 




4,bi3 

X, 600 

' 3 »oi 3 

3 » 95 « 

, Average......'., 

■Hominy chop; 

4,609 

■ 1 , 6 , 30 , 

2,989 

3,879 

'■ 2'ir, . ..... ... 

4, 709 

■ ■' : 1, .187 

: 3, s®.» 

4,675 
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The results recorded in Table III illustrate the familiar fact that the 
greatest loss of chemical energy, especially in the case of coarse feeds^ 
is that ill the undigested feed residues of the feces and in the relatively 
small amounts of excretory products which, in the case of cattle, accoxn- 
}iany them. The relative proportions lost in the urine and in the methane 
naturally vary with the composition of the feed, one rich in protein tend- 
ing especially to increase the energy. content of the urine, while carbohy- 
drates tend to increase the excretion of methane. 

Of greater interest, however, is the variability of the' losses suffered 
by the same feeding stuff in different periods. 

INFLUEJNCE) 01^ QUANTITY OF CONSUMED ON DOSSES OF CHBMICAD 

ENERGY 

In considering this question it should be borne in mind that the com- 
parisons here reported are in every instance between different amounts of 
the same ration — ^i. e., they deal with the influence of quantity only and 
do not touch the question of the influence of heavy grain feeding. Fur- 
thermore, they relate to comparatively light feeding, many of the periods 
having been upon submaintenance rations, while the total dry matter 
of the feed seldom reached i8 pounds per i,ooo pounds of live weight. 
The experiments recorded in Table III include 31 cases in which diffei'ent 
amounts either of a single feeding stuff or of an identical mixed ration 
were consumed by the same animal in two different periods of the same 
experiment, under conditions as nearly uniform as it was possible to 
make them. The results may be most conveniently compared on the 
basis of the percentage distribution of the energy, as shown in the last 
four columns of the table. In the following comparisons the results 
computed by difference for the concentrated feeds are not included. 

LOSSES IN METHANE 

In a' single instance (alfalfa hay and grain. mixture No. 2, in experiment 
208, steer E, periods' 2 and 3) the percentage loss in the, methane' was, 
greater on the heavier of the ..two rations and in another case (corn, stover 
in experiment 210, steer D, periods 'i .and 2) ' the 'difference was. only 
o.oi per cent. In tw^o cases the determinations of methane are believexi 
to have been inaccurate. In the remaining 29 cases, the' pe.rceiitage' 
loss in methane was distinctly grea.ter on the lighter ration, the diffe.r- 
■ence ranging from o.xi t.o 2 per cent and tending, on the whole,; to' be, 
somewhat greater'.on the mixed rations, 'with llieit' larger .proportion' of' 
readily soluble carboliyd.rates, than on -those consisting exclusively", of 
'coarse.'foddef. ' -'In .other words, as would be anticipated,. tliC' bacterial 
■fermentation of the. carbohydrates -in .the 'digestive ' tract -of ''Cattle',-'pro-- 
.ceeds to a distinctly greater, extent on'.light' than ,011 heavy rations-,-' - . 

,' LO'SSES..IN..UIUNE--, '' 

" "I ' The percentage of the feed energy excreted in the urine was also greater 
on the lighter '.ration '.''in "28 cases ■■.oitt'nf ,33,, .. the' exceptiom being two 
',exp-efi'.m'entS"'on' alfalfa -haj: (experiment' 208, 'ateet'''- perio„dS'':5""'.,and 
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and experiment 212, steer H, periods i and 3), two on clover hay (experi- 
ment 179, steer I, periods i and 2, and experiment 186, steer I, periods 
2a and 3a), and one. on alfalfa meal (experiment 212, steer H, periods 2 
and 4). In the. remaining 28 eases there is one in which the difference 
amounts to only 0.02 per cent and two in which it is 0.04 per cent. In 
the remaining 25 it ranges from 0.12 to 0.78 per cent. This greater 
relative loss in the urine on the lighter ration can not be attributed to 
the presence of nitrogenous substances derived from an increased katab- 
olism of body protein, since the energy of the urine has been at least 
approximately corrected to nitrogen equilibrium (p. 440). Since it is well 
established that the urine of cattle contains a considerable quantity of 
nonniti-ogenous substances (2, p. 312-314, 320-322), it seems not impos- 
sible that the more extensive fermentation on the lighter ration may 
have resulted in an increase of these unknown constituents. 

LOSSES IN FECES 

The results regarding the losses of chemical energy in the feces are 
by no means so uniform as in the case of the methane and of the urine. 
In 22 out of 33 cases there is a distinctly smaller relative lo.ss of energy 
in the feces with the lighter ration — ^i. e. , a greater apparent digestibility— 
the difference in the percentages ranging from 0.28 to 8.45. In the 
other third of the cases, however, the difference is in the oppo.site direc- 
tion, ranging from 0.37 to 2.74, with the exception of one case of prac- 
tical equality, so that it appears that other factors besides the extent 
of the methane fermentation affected the percentage digestibility. Two 
rather marked cases of a greater loss of energy in the feces on the lighter 
ration are found in experiment 21 1, periods 4 and 5, with relatively very 
small rations. Whether the relative loss in the feces increases or de- 
creases with an increase of the ration seems to bear no relation to the 
total quantity of feed consumed either per head or per 500 kg. of live 
weight. The 10 instances in which a greater percentage loss in the 
feces was observed on the lighter of the two rations include, it is true, 
the more extreme rations as regards the total quantity, hut the averages 
for the two groups are not widely different (4,376 and 3,952 gm. of dry 
matter). 

pbecentagb op peed energy mistaholkable 

The bearing of the foregoing facts upon the percentage of the feed 
energy which is metabolizable is obvious. Clearly the feniKuitation 
which plays so large a r 61 e in the digestive processes of riiininants was 
relatively more intense on the lighter rations, resulting in (he breakiug 
down of a larger proportion of the carbohydrates and in a greater loss 
of chemical energy in the methane, accompanied in most instances by 
an increased loss in the urine also. On the other hand, however, (he 
organic adds resulting from the fermentation are resorbed and oxidized 
in the body, and thdr energy, together with the heat evolved in the 
fermentation, constitutes part of the metabolizable energy of the feed as 
defined on page 439. Whether the proportion of the total energy of tlie 
feed which is metabolizable be greater or less on the lighter ration will 
depend, therefore, upon the nature of the additional carbohydrates fer- 
mented. If the increased fermentation attacks the more insfduhle 
carbohydrates, which would btherrose escape digestion entirely and 
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reappear in the feces, the result will be a relative increase in the metab- 
olizable energy. On the other hand, if the greater fermentation on 
the lighter rations is at the expense of the more soluble carbohydrates 
w'hich would otherwise be digested by the enzyms of the intestines, the 
metabolizable energy will be diminished by the quantity of chemical 
energy escaping in the methane (and urine). It is perhaps not sur- 
prising, therefore, to find that the effect of the quantity of feed upon the 
percentage of energy metabolizable was somewhat variable. 

In 19 out of 22 cases mentioned in the previous paragraph in which 
the percentage loss of energy in the feces decreased as the amomit of 
feed consumed was diminished, the percentage of energy metabolized 
did in fact increase, while in the remaining 3 cases the greater losses in 
methane and urine overbalanced the effect of the increased digestibility. 
In each of the 10 instances in winch the percentage loss of energy in 
the feces was greater on the lighter rations, the percentage metabolizable 
shows a corresponding decrease, so that of the entire 33 comparisons 
14 show a greater and 19 a less percentage metabolizable on lighter as 
compared with heavier rations. 

On the whole, then, the differences in amount of feed consumed, within 
the limits of these experiments, failed to show any unmistakable effect 
upon the quantity of energy actually liberated in the body from a unit 
weight of feed. Morever, it must be borne in mind that a considerable 
part of the additional energy secured by the more extensive fermenta- 
tion of the lighter ration is liberated in the digestive tract as heat of 
fermentation and does not enter into the energy exchange of the body 
tissues, so that the difference in the net nutritive effect is likely to be 
less than that in the metabolizable energy as ordinarily defined. 

INFLUENCB OP individuality ON LOSSES OP CHEMICAL ENERGY 

In five of the experiments the same feeding stuff or mixture of feeding 
stuffs was fed to more than one animal, although unfortunately the 
amounts consumed were not the same either per head or in proportion 
to the live weight, so that exact comparisons are not possible. 

In experiments 190, 200, and 207 a pure-bred Shorthorn steer was com- 
pared with a so-called scrub. A comparison of the averages for the 
lighter and the heavier rations of timothy hay, respectively, for the 
three successive years gives the averages shown in Table V, which fail 
to show any distinct individual difference between the two animals. 
The results computed by difference for the wheat bran in experiment 
190 and for the grain mixture No. i in experiments 200 and 207 show 
somewhat larger numerical differences, but when the errors incident to 
such calculations by difference are considered they agree with those 
upon hay in showing no material difference between these two animals. 
This point has been discussed from a slightly different standpoint else- 
;where(io). ' ' 
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Tabi^iS 'V . — Influence of indhiduaUty of cattle on losses of chemical e^iergy 


Cliaracter of exi'ierimetit. 

I^oss of energy. 

lU'Uihto 

]ii;Ahh\ 

In feces. 

In tititic. 

111 mclhane. 

Timotliy liay (experiments 190, 200, 

and 207) 

Average of liglit rations' — 

Steer A..'. 

Steer B . 

0 0 

S'i'i 

Per cent. 

3-87 

3-96 

Per cent 

7-34 

7-79 

Per mU. 

42. 76 
42. 22 

Difference 

0 

- ,09 

- .45 

"T' « 54 

Average of lieavy rations— 

Steer A...:..' ■ 

47. 69 
46.3a 

3 ‘S 5 
3 - 70 

7. II 
7, 18 

41. 6s 

42. So 

Steer B. 

'Difference 

+ 1-37 

- . 15 

- .07 

- I' IS 

Average of all rations — 

Steer' A. 

46. 86 
46. 18 

3-71 

3-83 

7. 22 
7*49 

42. 21 
42. SO 

Steer B. ♦ . . i 

Difference 

4- .68 

— . 12 

- . 27 

- ■ . 29 

Alfalfa liay (experiment 20S): 

Average of meditim and light ra- 
tions— 

Steer D (periods 1 and 2). ..... . 

48.91 

47.01 

46.30 

S -79 
5.64 
S- 60 

6. 05 

6. 31 

6. 24 

39 - 25 
. 4 'i'- 04 
41. 86 

Steer E (periods 5 and 6) 

Steer C (periods 5 and 6) 

Difference (B—C) 

+ 2.61 

+ ■ 19 


1 ' '"“",3. 6 X' 

. Heavy rations— 

Steer E (period 4) 

46. 33 

49.61 

5 - 24 
S' 29 

S* 

4. 95 

: 42* 97 

40. 1.5 

Steer C (period 4) 

Difference 

— 3.28 

- .05 

+ . 5 ’ 

‘h 3, Ha 

59 - 3 S 
SS- 4,3 

Alfalfa hay and grain (experiment 208): 

/ Average of 'medium and light ra- 
tions— 

Steer E (periods 2 and 3). . 

! 

28. 00 

30-% 

4.98 

4.96 

7. 67 
a 78 

Steer C (periods 2 and 3) ■ 

Difference. . 

•-'■2.83 

-h . 02 

“* r, r i 

■h 3- 92 

Mixed, hay (experiment 211):' 

Steer B (periods i, 4, and 5}. . , . 

' Steer C, (periods i,,4, and 5). 

, . Difference. , 

44-53 

43-28 

5. S9 

s- 05 

/• 30 

7 ." 4 i: 

43 '. 88 

, 44., s6 

+ I, 25 

' . + . 24 

' ^ 11 

-• 1.38 



Ahe three animals in experiment 208 had been subjected to 
different previous treatment, steer D having received almost from birth 
a restricted quantity of feed, steer E ,a ration ample to support normal 
growth, and steer C as heavy feeding as practicable. In the periods on 
the medium and light rations of alfalfa hay these animals showed slight 
differences in thdr digestive powers in the order named, the average 
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results for the two quantities being as shown in Table V. On the other' 
hand, upon the heavy hay ration and also upon the mixed ration of hay 
and grain steer C was distinctly inferior to steer E, losing more chemical 
energy in both methane and feces. This was the most distinct individual 
difference in these experiments. It should perhaps be noted that steer C 
showed a tendency to bloat and to get off feed on heavy rations and possi- 
bly did not have full normal digestive power. In experiment 21 1 steer D, 
then a year older, on ' the average of three periods on mixed hay. again 
showed a slight inferiority to another animal which presumably had 
received better feeding during growth. 

Clearly individual differences between the animals had no very mate- 
rial influence on the losses of chemical energy in these experiments. 
In most instances the differences are well within the limits of error for 
such determinations, and even in those cases where there seem to be 
distinct individual differences they are comparatively slight, being of 
about the same magnitude as those observed by G. Kuhn (28) and 
rather smaller than those found by Armsby (i) in experiments on three 
steers.' ' ' ■ ■ 

VARIABIUTY OF metabolizable ENERGY 

The results recorded in Tables III and IV show clearly that the metab- 
olizable energy of a feeding stuff is by no means a constant. Not 
only do the averages for feeding stuffs of the same name differ .more or 
less, but the metabolizable energy of the same sample is more or less 
variable in the different periods. 

The losses of chemical energy which a feeding stuff suffers are sub- 
stantially determined by the nature and extent of the digestive pro- 
cesses. Digestibility, however, especially in ruminants, is a very com- 
plex affair, depending on many factors. Broadly speaking, it may be* 
characterized as a series of fermentations, effected in part by a variety 
of organized ferments and in part by enzyms secreted by the digestive 
organs or, contained in the' feed itself. Changes in the cotnposition' of ' 
the contents of the digestive tract or in 'the rapidity ■. with which they- 
move forward through it can hardly fail to influence in a", variety of 
ways the course of these fermentations, and it seems on the whole rather 
surprising that they go forward as-, uniformly as they do.; ■ 

■■ 'In these experiments they appear 'to have '..been " affected chiefly .by 
the,' variations in the amount of feed 'consumed. Recently Zuntz/and' 
his associates (20, 53) have reported'^strikingTllstance,S' iii' which'':'tbe 
extent of the, methane fermentation in, particular' has .been .markedly 
affected by the^ make-up, of. the rations and. especially' by the', order in 
which, the , feeds, were' consumed,. '''While 'Voltz and his assO'Ciates (47, 48) 
.'have "laid' much': stress/ on ,. the. practical .importance ,of "these results. 
"No^. such,'.. "'marked "differences occurred' ■'■'''in ■'''■''Oiir '''.experimea on the 

other hand, .the range, of, feeds., was 'not so .wide. "' It is,,,perimps too early 
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to judge the full significance of Zuntz’s results, but they should at least 
serve to correct the notion, more or less subconsciously held by not a 
few, of digestion as a perfectly definite process and of a digestion coeffi- 
cient as a sort of chemical constant. On the other hand, however, it 
is easy to overestimate the importance of these variations in the digestive 
process in their bearing upon estimates of the values of feeding stuffs. 
On the whole, they appear to be of far less significance than other factors 
to be considered later. 


BSTIMATION OP METABOUZABIvB ENBRGY 


FROM MRTABOUSM EJCPSRIMENTS 

The losses of chemical energy in feces and urine are readily detennined 
by means of the ordinary metabolism experiment, but the determination 
of the losses in the combustible gases requires special and somewliat 
costly apparatus. A number of experimenters have therefore attempted 
to estimate the amounts of these gases produced, usually from the 
amounts of carbohydrates (crude fiber and nitrogen-free extract) digested, 
using, as a rule, the average factor derived from Kellner’s investigations 
(26, p. 420) — viz, 4.2 parts of CH4 per too parts of digested carboiiydrates. 

Our experiments have yielded somewhat higher figures, as .shown in 
Table VI, giving the maximum, minimum, and average results for each 
feeding stuff or mixture. 

TABh'E^Yl.-~-QuanMtyofmihaneperxoogni,ofdtgesiihkcark>hydraies 


Feeding stuff. 


Tinaotliy liay. . ..... ... 

■ Clover fiay ...... 

' Mixed luay 

Alfalfa bay. . 

Maize stover. 

-''Average, ' 

Maize meal and clover bay. 

Wheat; bran and timothy bay.’ 

Grain mixture" No. ''i and .timothy 'hay. . . 
Crain mixture No.: 2' ' and alfalfa' hay . . . 
Maize meal and mixed hay. ..... . 

Hominy chop, and; mixed hay , ......... 

" ' , Average, .. ... . . . , . 

'.. ■ Average 'of author's experiments..' 

. Average of ' Kellner ''s experiments. 


Nuilb 

Qminiity oi' ii'iei.liaiie. 

{'Xpeth 

meiits. 

Maxi- 


.Aver* 

jmaij. 


age. 


Gfti , 


(Jm, 

12 

3.. » 

5. t 

4. 6 

5 

3 * 9 

4 3 ' 

■ 4., Cl 

6 

- 4. 6 

s-« 

5 * 

17 

4. 2 

5 - 3 

4,8 

■ 3 

,4.7 

4. « 

4*7 

, 43 , 

......... 


'4.8 

. '. 'a 

., 4*3 

'5* 3 

4. a 

. 4 

4., 8 

5.2 

S 4*9 

4 

4 * 7 

,S ‘-3 

; S*o. 

8^ 

■- - .'S'. 8 

" ■ 5 - ■$ 

> 4*3 

a' 

.■■. 4.2 

,-..4.7 

4 5 

2 

4.4 

■' : 5 * 0 

41-7 

■ ■ 22. 

, , 


1 4*7 

-"■''.■6s; 



4*8 

' 44 

■-. :, 2. 9 

. ,5.5 

^ ."4.. ...a 
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While there is a considerable range in the results of individual experi* 
iiientSj nevertheless an estimate of 4.5 grams of CH4 per 100 gm. of 
digested carboliydrates' affords a fair basis for an approximate estimate 
of the losses of chemical energy in the combustible gases and for com- 
puting the iiietabolizal)le energy of a feeding stuff by means of the ordi“ 
nary digestion experiment combined with the collection of the urine 
and a determination of the heats of combustion of the visible excreta. 
The additional labor required for this purpose is so small that , it is to 
be hoped that in future digestion experiments it may be undertaken 
whenever possible. 

FROM DIOnsTlBrE ORGANIC MATTER 

It is possible also to estimate the average metabolizable energy of 
a feeding stuff from its content of total digestible organic matter, as 
shown by the ordinary feeding tables. 

The differences shown in Tables III and IV between the metaboliz- 
able energy per kilogram of dry matter of the different feeding stuffs 
are due chiefly, as already pointed out, to differences in the proportion 
of the chemical energy carried off in the feces, so that the metaboliz- 
able energy per kilogram of digestible organic matter shows a striking 
degree of uniformity as between different coarse feeds, on one hand, 
and as between different concentrates, on the other, a fact quite in 
harmony with earlier results reported by Kellner (26). Expressing the 
results in therms pet kilogram and using for the apparent metabolizable 
energy of Kellner and Kohler’s feeding stuffs the figures coiiiputed by 
Armsby (2, p. 301), we obtain the following averages: 

Metabolizable energy per kilogram of digestible organic matter 


COARSE rEEns 

Armsby and Fries: , ' Therms. 

Timothy hay 3. 49 

Red clover hay .' . ... . . .v 3. 49 

Mixed hay. , 3. 39 

Alfalfa hay and ' meal '3. '61 

Maize stover, , .■/. 3, 45 


Average — ■ ■ , 3, 48 


Kellner and Kohler: 

Meadow hay ■ '3. ,50 

, Oat straw ' 3. 74 

Wheat straw'. , ■ 3. 3:1 

' Extracted, straw' .' 3. 64 


Average. 3. 53 


7 874 5 1 
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CONCENTRATES 

Arrnsby and Fries: 

Maize meal 

Wlieat bran 

Grain iiii,xture No. 2 


Hi) 

01 
:|. 08 


Average 4*00 

Kellner and Kohler: 

Beet inolavsses 3, 4^ 

Starch • • > • 3, 60 

Wheat gluten 4, 79 


Tangl (44), "Tangl and Weiser (45), and Zaitschek (50) have also deter- 
mined the metabolizable energy of a number of feeding stuffs for cattle, 
the methane being estimated from the amount of digestible caiiwli yd rates, 
with the following results, which are very similar lo those jus! reported; 

Mekibolkable energy per kilogram of digedihk organic fuaikr: TnngVs rxpcfimmiU 


' ' llierais. 

Meadow hay. 3.44 

Ensiled, meadow hay 3,70 

,Hay from irrigated meadows 3, 60 

Broom-com millet meal ' , — ' * • 3* 68 

Pumpkins. — , 4, 29 


On the other hand, four experiments upon a ■bull by Volt z el iiL {48), 
in which, the production of methane was likewise, computed, gave notably 
higher figures, viz: 

■ MetahoUzahh energy per kilogram of dige^'tibk organic nmiter: Voliz*s expmmenis 


Mixed ration' (hay, straw, malt sprouts,, drie(.l h.rew<‘rs* grains, and ilaJccs). 3. t)$ 

Dried distillery residue (from potatoes) ■ I ' 4. 84 

Pa!m»nut meal. ' ■ 4, 

,Beet molasses ',1. tli 


Themost important factor influencing the iiictribolizalfle energy of the 
digestible organic matter of concentrates seems to be. tite percentage of 
fat in the feeding stuff, as appears from a comparison of the data con- 
tained in Table I, while feeding stuffs exceptionally high in protein have 
also a high content of metabolizable energy in their digesfibic matter, as 
in the case of Kellner and Kohler’s wheat gluten, 'riiere seinns no 
obvious explanation of the exceptionally high results obtained !,y Vbllz, 
but it would seem that for the present, with the ordinary dry iVeding 
stuffs or mixtures, the following factors may safely be iiifule "the basis 
for computing approximately the metabolizable energy of feeding stuffs 
for cattle when their content of digestible organic matter is known or 
can be estimated. 


, Average 

Grain mixture No. i 
Hominy chop 


'Tliepms. 
> . 3. So 
• 3 - <"8") 
> . 3. 88 
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Metabolizable energy irf feeding stuffs per kilogram of digestible organic matter 

Therms. 


Coarse feeds 3. 5 

CoHceiitratccl fecMis: 

With less than 5 per cent of digevStiblc fat ■ 3. 9 

With more tliaii 5 |>cr cexit of digestible fat 4. 0 


No similar results have been reported on succulent feeds, with the 
exception of Zaitschek's figure for pumpkins, 

II. EXPENDITURE OF ENERGY CONSEQUENT UPON FEED ' CONSUMP- 
TION AND ITS FACTORS 

That the eonsumption of feed tends to increase the metabolism of an 
animal lias become a commonplace of physiology. The magnitude of 
the effect varies within rather wide limits according to the chemical and 
physical properties of the feed, while there is still more or less difference 
of opinion as to its causes. Zuntz and his associates have called it 
*'‘work of digestion’^ and have- attributed it largely to increased muscular 
and, glandular activity of the -digestive and excretory organs. Most 
physiological investigations in this field have been made on carnivora or 
on man, in which the increase of the metabolism is not usually, very 
large, except when niucli protein is consumed. More recent investiga- 
tions on these species appear to have shown that the mechanical work of 
the digestive organs is but a small factor and that the term .'“work of 
digestion” is not a fortunate one. With herbivora and especially witli 
'ruminants, however, the total effect on the metabolism is quantitatively 
very marked, while the mechanical factor is of much greater significance. 
This was early shown by Zuntz and Hagemann (52) in their" investiga- 
tions upon the. ho,rse, , With -ruminants the most extensive investiga- 
tions are- those. made at- the Mockern (Germany) , Experimemt Station by 
G, Kuhn {29)' and by Kellner (24,- 25, 26:, 27). ■ These : investigations, 
especially those of Kellner, were directed primarily to t-he determination 
of the relative values of nutrients and feeding st uffs, , but , f mm .another ' 
point of view they constituted also detcmiitiatio,n,s of the energy expend!-, 
tiire caused by the feed. The main purpose, of the experiments' here 
reported was to determine' the proportion of, the fe,ed, energy expended' 
in the increased metabolism by means of direct measurements- of, the heat 
evolved, checked by determinations of 'the respiratory' produc'ts-,, tlie 
relative values of the feeding stU'ffs, being obtained, by di'flerence. 

, DIFFERENCI^S IN' MUSemUAR "ACTIVITY' 

■lNrnUE?NCn or STANBING ok rY.ING lTPON-''M',BTABOaSM ■ 

„ , 'Welmve ..repeatedly called :atte,ntion to the, W',ery striking increase in, 

■- the heat 'elimination , of cattle when ".standing 'as .compared - with that when , 
'Tying and'' have 'sli,ow'ii''(,ii),,i'n .reply 'to 'the'',' criticism' of'' Zuntz, that it is 
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accompanied by, a substantially corresponding increase in the gaseous 
excretion. 

vSiiice, conclusions regarding the 'influence of feed consumption on the 
heat production must be drawn from comparisons of two or more periods 
on different amotiiits of feed, it' is obvious that the periods must be made 
as nearly identical in other respects as practicable. It being impossible 
to control the, standing, and 'lying of the. subject, it became necessary, 
therefore, to attempt a quantitative determination of the 'influence of 
standing ' upo,n the metabolism of the animal' as measured by its heat 
production and on this basis to correct the results of each period to some 
uniform ratio of standing to lying. It was natural tO' suppose that the 
increment of the metabolism during standing was due to the work , of 
supporting the, body in an upright position, but it soon became evident 
that it was also to a very considerable extent a function of the feed con- 
sumption. ' 

The apparatus used in these experiments is a flow calorimeter, the 
temperature difference between the ingoing and the outcoming water 
being read every four minutes. Since the hydrothermal equivalent of 
the absorber system and the contained water is only 6 kg., it is possible 
to follow very closely the rate of elimination, of heat by radiation and con- 
duction.' The results found by the'authorS '(ii) show that the heat car- 
ried' off as latent heat of water ■ vapor ..is .'substantially proportionaT to that 
eliminated by radiation and conduction. " On this' basis the average heat 
elimination per minute: and' for , 24' 'hours during standing and lying has 
been computed for each 48-hour period (or, in experiments 174, 190, 200, 

' and 207, from selected uniform intervals). ' The addition of the necessary 
correction for the .gain or loss of matter by. the body gives the average 
heat production when standing or l}ing, respectively, while the difference 
between the tw^o represents the increment due to standing for 24 hours. 
The following example, taken .from experiment 179, period x, in which 
76.65 per cent of the total heat e.mitted w^'as given off by radiation and 
conduction and 23.35 per cent as latent heat 'Of water vapor, and in which 
the correction for loss of matter by the body was — 127 Calories, may serve 
to illustrate .the, rnetiiQcl' ,■ , , 

Method of computing heat produciion of aiiile when standing 

.Standing. .Cyrng. 

Time 'standing' of' lying ' minntes. . ■ i, 767' i 13 

Heat emitted by radiation and conduction': ' , 

■ .Total . Calories. . is, 652 ' 5, 12S 

,', '.Per .minute . . .Ca,lories,. 7. 160 ' ■ 4. 607 

..Totai'heat production computed per'.24 hours: ■ 

Standing — , — , g, 160X1, 440*^0. 7665—127—13, 324' .Calories, 

, hying...,'..,..: . 4- 607X1, 440-^0., 7665 — 127— '8; 528 .Calories. 

' .Difference.. ^ .',4, 796 Calories.' 
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The differences thus found between the heat production of the animals 
per 24 hours when standing and when lying were as shown in, Table VII , 
in which are included for comparison the total dry matter consumed and 
the average live weight of the animal. In order to facilitate a general 
comparison of the results of the several experiments, the influence of the' 
differences in live weight has also been eliminated to a degree by comput- 
ing the data of Table V to a uniform body weight of 500 kg., with the 
results shown graphically in figure i. 



Fig. I, --Graph showing ,the , 4 ry matter eaten, and the.mcremmts of heat production dne to standing; 
computed per 500 kg, live weight per 24 hours. 

It should be clearly understood that both Table VII and figure i .show 
the relation of feed consumption to the heat increment during standing^ 
computed in the manner' just illustrated, and not to the total heat pro- 
duction. 
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Tabl® YU,'— Increments of heat production of cattle in standing 


'FctedisiiJ stitff aiid cxpeiiineaat. 


Average live 
weight. 


Dry matter 
eaten per 
head. 


Increment of heat pro- 
duction per a 4 hours . 


Per head. 


Per kilogram 
of iiicrcmciit 
of dry 

I matter eaten. 


Timothy hay: 

Experiment 174-- 

vSteer I (period A).' 

Steer I (period B) . ..... 

Steer I (period C) 

Steer I (period D) 

Steer I (periods D~A) . , . 
Experiment 190^ — 

Steer A (period 3) , ..... 

vSteer A (period 4) 

Steer B (period 3) 

Steer B (period 4) 

Experiment 200 — 

Steer A (period 3) ..... . 

Steer A (period 4) 

Steer B (period 3) . . — 

Steer B (period 4) 

Experiment 207 — 

Steer A (period 

Steer A (period 4) * 

Steer B (period 3 ) . . . . . . 

Steer B (period 4) ...... 

Red ChovER hay: 

Experiment 179— 

Steer I (period i). 

Steer I (period 2) 

Experiment 186 (series a ) — 
Steer i (period i). ..... . 

Steer I (period 3 V. 

Steer i (period 2) 

■ . Steer I (periods 2-1 

Experiment 186 (series b")— 

Steer i (period 3) 

Steer 1 (period 2)., 

Mixed hay: 

Experiment 

vSteer D (period, i). 

, Steer D, (period 4). 

Steer D (period 5). 

Steer D (periods i*" 

Steer G.( 

■ Steer G I 
■'Steer G.(_^ 

. " Steer G (periods” 1--5). 
Aeealea, hay: 

Experiment ,208—“ 

Steer ,D, (period, I ). ,. 
Steer D (period 2). .. 
Steer E period 4) . . . 
Steer E (period 5) ., . . 
Ste,er E (period 6) .. . 
Steer E (|>eriods 4-6) 

, ' vSteer C period 4) . . . 
Steer C (period 5) . , . 

' Steer C (period ,6) . . . 
Steer' C (periods 4-6) . 


(period i) 
(period 4) 
(period 5) 


~ 5 )- 


Kilograms. 

387 

403 

416 

424 


269 

278 

194 

190 

399 

407 

296 

309 

S07 

S14 

374 

3S5 


S4S 

520 

571 

580 

587 


566 

576 


460 

455 

428 


389 

387 

364 


171 

162 

224 

215 

197 


289 

284 

275. 


Grams. 

37 237 
4,373 

5,480 

6,440 


2, 001 
37 493 
I7774 
2, 610 

2,647 
4, 425 
2,470 
37805 

2,974 
4, 892 
2,798 
4, 630 


4, 459 
3, 144 

2, 933 
4, 139 
57 025 


4 , m 
5, 025 


6, 204 

07 498 

1,786 


6, 092 

37 3:49 

1, 608 


27 X 5 S 
1, 300 
4,170 
2,408 
x., 4 'X 3 


4,744 

37 099 

2 , Il,9' 


Calories. 
2, 258 
2,935 
2,9x3 

2, 928 


2, 206 

2, 076 

1,774 
I, 899 

2,052 

2,838 

2,233 

2,695 

2, 293 
2,994 
2,467 
37618 


4,794 

3, 679 

3, 247 

4, 01:8 

4,438 


3,080 
3, 452 


3, 5x5 
3,147 
3, 107 


3, 764 

4, 066 
2, 887 


2,077 

1,3x4 

2, X45 

1, 683 

1,513 


' 2, 690 
27 ' 6 S 9 
2,380 


Calories. 

) 598 

k -20 

H 16 

210 

-"88 

148 

442 

346 

364 

628' 

848 

1 637 

I 474 

570 

420 


136 

24 

92 

“102 

764 

196 


894' 

264 

170, 

230' 

',i8' 

286 

118 
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Tabi^is VII . — Increments of heat production of cattle in standing — Continued 




Increment of heat, pro- 
duction per 24 hours. 

Feeding stuff and acperiment. 

Average live 1 
weight. 

Dry matter 
eaten per 
head. 

Per head. 

Per kilogram 
of increment 
of dry 

matter eaten. 

AbfaIvFa hay — C ontinued. 





Experiment 209 — 

Kilograyns. 

Grayns. 

Calories, 

Calories. 

vSteer F (period 4) 

' 321 

6 , 174 
3.562 

2,973 

\) 372 

Steer F f period 5) 

308 

1,997 . 

1. 768 

Steer F (period 6) 

292 

2, 226 

; "72 

Steer F (periods 4 h5) 



304 

Experiment 212 — 





Steer H (period i) 

349 

6,638 

3,167 

-44 
'} 328 

Steer H (period 3) 

354 

$>320 

3.224 . 

Steer H (period 5) 

337 

3.°S2 

2,481 

Steer H (periods 1-5) 



192 

Abfabfa mfab: 

Experiment 212 — 





Steer H (period 2E 

349 

6, 671 

3,246 

L 242 

Steer H (period 4) 

349 

S.408 

2,942 . 

Steer H (period 6) 

329 

3.155 

2,377 

[ ^52 

Steer H (periods 2-6) 


248 

Maizbj stover: 

Experiment 210 — 





Steer D (period i) 

34S 

4,335 

2,919 

2,486 

h 55° 

Steer D (period 2) 

331 

3.548 

Steer B (period 3) 

316 

2.563 

2,617 

r ^34 

Steer B (periods 1-3) 




170 

Maize meae added to ceover hay: 





Experiment 179 — 

Steer I (period 2). 

520 I 

03.144 

3,679 

4,659 

Iv 1,300 
598 

Steer I (period 3) 

5^:4 1 

3.898 

Steer I (period 4) — 

S32 

6,637 

6, 296 

Steer I (periods 4-2). 



748 

Wheat bran added to timothy hay:-. 
Experiment 190— 





Steer A (period 3) 

269 

tt2,00I 

2, 206 ' 

k 586 

H -288 

Steer A (period r) 

2 71 

3.348 

2, 995 

2,639 

Steer A (period 2) 

279 

4.579 

Steer A (periods 2-3) .... . ..... 


■ t6S' 

Steer B (period 3) 

m 

“1,774 

2,803 

1,774 

k -32 

Steer B (period i) * 

199 

1,741 . 

Steer B (period 2) 

197 

3, 582 

2, 135 

1* , 540^ 

Steer B (periods 2-3) 




200 

Grain ' MIXTURE No. i added to timo- 
thy hay: 

• Experiment 200— 





Steer A (periods 3) 

399 

<*2,647 

, 2,052 

2, 70S 

k 374 

'} 76s 

- Steer A (period i\' 

404 

4, 400 

Steer A (period 2 j 

421 

6,^04 

4. 547 

Steer A (periods 2-3) 




600 

Steer B (period 3) 

296 

<*2,470 

2,233"^'' 

S 

Steer B (period i ) 

298 

3. 628 

2,887 ,, 

Steer B (period 2). ■ 

310 

4, 583 

*,3.591 

, Steer B (periods 2-3 . 



, 642 

0 ^ Basal ration of coarse fodder only g 
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Tabli^ VIL — 'Increments of heat production of cattle in Coiitimied 





Increment of heat pro- 
duction per 24 hours. 

' Feeding st«iT and experiment. 

Average live 
weight. 

eaten per 
head. 

1 

Per head. 

j 

f^er fci'Iograni 
of increment 
of dry 

natter eaten. 

Grain MixruRit No. i'addbd to riMO- 

THY HAY— CoiltiTlue.d. 

Experiment 207— . 

Steer A (period 3) 

Kilograms, 

507 

499 

519 

Grams, 

“2, 974 
4>93i 

7, 708 

Calories, 

2,293 

2,704 

5, 182 

Calories. 

\ 

Steer A (period i). 

h 

Steer A (period 2). 

f 892 

Steer A (periods 2—3) 

j 

' 610 
V 

Steer B (period 3) 

374 

373 

386 

^ 2, 798 
47 1- 59 

5; 451 

2,467 

3. 165 
4.659 

Steer B (period t) 

A 513 

Steer B (period 2) 

’ \ 1. 158 

Steer B (periods 2—3) 

828 

1 

Al^ai^ra hay and grain mixture 
N o. 2: 

Experiment 208 — 

Steer E (period t). 

210 

20S 

1, 944 

I, 682 

Steer E (period 2) 

206 

h 753 
1,151 

l\ 

Steer E (period 3) 

197 


^ } —60 

Steer E (periods 1—3) ... 

IIQ 

1 

Steer C (period 2) 

269 ; 

259 

301 

293 

283 

2, X84 i 

I7539 

4, 502 

2.756 

•1,648 

2,083 

2, 154 

2, 442 
1,834 
2, 029 

Steer C (period 3). * 

> —110 

Experiment 209 — 

Steer E (period i) 


Steer E (period 2) 

Steer E (period. 3^ 

-88 

Steer E (periods i*“3). 

X44 

MiXBD "HAY AND 'MAIZn MBAI..: 

Experiment 2II — 

Steer G (period 2). 

358 

398 

432 

470 

27 332 
7, 027 

3»5X3: 
77 SS9 

3.158 

5.840 

3. 533 

3. 9°S 

Steer G (period 3) 

1 572 

Mixed hay and hominy chop: 

, Ex'periment 211 — 

Steer I) (period 2) 

1 86 

Steer 1) (period 3). 




Basal ration of coarse fodder only. 


A' simple inspection of Table VII suffices to show that the increment of 
heat' production in standing can not be due to any large extent to the 
muscular work of supporting the body, since, in the light of Zuntz and 
Hagemann's (52) experiments on the horse, it must be assumed that this 
would be at least approximately proportional to the weight of the animal, 
while, in fact, ill a large majority of, cases the ' difference between the 
periods' is very' . 'much' greater than the corresponding' difference in live, 
weight.' ,Bven,, on 'the extreme assumption that in the' periods on mini- 
mum rations,' the, heat Jncrement.. in standing was due exclusively ' to' 
the increased' muscular effort, the differences in live weight do .hot ' even 
remotely account,:',for,'the'' greater '.increments in 'the.'' other" 'periods'* 
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RELATION TO AMOUNT OE EEED 

In spite of the considerable variations in the individual results and of 
some negative values, it appears clear, both from Table VII and from fig- 
ure I , especially if the comparisons be made between the smallest and' the 
greatest rations, that the effect of the feed in increasing the metabolism 
tended to be distinctly greater during standing than during lying, and 
that, on the whole, the differences tended to be greater with concentrates 
or with mixed rations than with coarse feeds. In other words, the differ- 
ence between the metabolism of the animal when standing and when 
lying was relatively greater on the heavier than on the lighter rations. 

This difference can hardly be ascribed to a greater direct stimulus of 
cell metabolism by the products of digestion. One explanation for it 
might be sought in the fact that the feed was consumed by the animal 
while standing. Experiments by Paechtner (39) and by Dahm (17) on 
cattle and by Ustjanzew (46) on sheep, in which the respiratory exchange 
was determined in short periods, showed that the mastication of i kg. 
of hay increased the metabolism of the animal by approximately 60 
Calories. In our experiments this would be equivalent to the production 
during perhaps half an hour after feeding — i. e., at 6 a. m. and 6 p. ni. — 
of from 12 to as much as 200 Calories of heat, or twice this amount in 24 
hours, which amounts would be added to the standing metabolism. On 
the other hand, however, according to the same experimenters, the 
rumination of the feed would increase the heat production by, roughly, 
two-thirds as much, and this would constitute to a considerable extent 
an addition to the metabolism of the animal when lying, thus partially 
but not wholly compensating for the addition to the metabolism when 
standing consequent on mastication. 

It would appear, then, that the mastication of the heavier rations would 
tend to increase the ratio of heat production of the animal when standing 
to that when lying. heat elimination, however, in our experiments 
showed no distinct evidence of such an increase. The rate of heat emis- 
sion per minute while the feed was being eaten 'showed infrequently a 
slight rise, which was seldom sharp and which was far less than, would 
’correspond to the presumable increase in the gaseous- 'exchange. , In 
many .instances no effect upon the heat elimination was observed, but 
rather frequently there ^yas a distinct fall. Sometimes, although not in 
the majority of cases, a rise was observed after the animal had finished 
eating; The animal was watered after the 6 a. m. feeding. Sometimes 
no perceptible change in the rate of heat emission resulted, but not infre- 
quently a fall was observed, which, was occasionally considerable. It can" 
'• hardly be doubted, that there must have been an increased production, of 
heat during 'm,astication, but apparently; this heat', was. not given, ,.'Off 
. promptly. Part of it at least, it may be conjectured, was 'applied to warm 
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the iiigestaj especially the water, being eliminated only gradually during 
the succeeding 12 hours and in part during the periods of lying as well 
as of standing. It does not seem probable, therefore, that the heat pro- 
duced in the mastication of the feed was an important factor in causing 
the differences between the heat elimination of the animals when standing 
or lying which were observed in these experiments. 

Another plausible suggestion seems to be a tendency of the animals 
to greater restlessness and muscular activity in the standing position 
when consuming the heavier rations. We are not able to submit direct 
records to prove this, but indirect evidence is afforded by the fact that 
the animals as a rule (31 cases out of 40) changed from the lying to the 
standing position, and vice versa, more frequently on the heavier rations. 
No such distinct effect was noticeable on the percentage of time spent 
standing, it being greater in 22 cases and less m 19 on the heavier as 
compared with the lighter rations and showing a considerable degree of 
constancy in the individual animal. 

INDIVIDUAL DIPFBRHNCBS 

In those cases where comparisons between different animals are possible 
the average results, especially those obtained by comparing the maximum 
and minimum rations, seem to indicate the existence of distinct individual 
differences between different animals in this respect. 

The most noticeable case of this sort is that of animals A and B, in 
experiments 190, 200, and 207, steer A being a typical beef animal, 
while B, although of mixed blood (scrub), was quite distinctly of the 
dairy type and of a more nervous temperament. In five cases out of six 
the heat increment due to standing was greater with steer B than with 
steer ' .' A, the average of all the results being 39 per cent higher for the 
former,,as the iollo wing summary shows: 

Hea t inemuents in Calories per kilogram of dry mailer due fo s famihiij 

Feed. 

Timothy liay 

Timothy liay^ and wheat bran. . — . 

Timothy hay and. grain mixture No. i 

Average....... 335 465 

A similar instance is afforded in experiments 208 and 209 by the ani- 
mals C, E, and E. Steer C had received almost from birth as heavy feed- 
ing as practicable, while E and F bad received the same feeds in quantities 
sufficient to insure normal growth but not to cause any material fattening. 
The heat increments per kilogram of dry matter of feed were as follows: 


Steer A. 

Steer B. 


148 

. . 442 


1 364 

628 

. . " t68 

200 

/■ 6.00 

642 

' ■ [ 610 

ZsB ' 
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Heat incfement$ in Calories per kilogram of dry matter due to standing 


Feed. Steer C. Steer F- Steer F. 

Alfalfa hay 118 ,230 304 

Alfalfa hay and grain mixture No. 2. —no iiO' 144 

Average 4 170 224 


IN]?I.UE)NCn OF BULK OF RATION 

It seems worth while to call attention also to three cases which suggest 
that the bulk of the ration may be a factor in determining the difference 
between the metabolism of the animals when standing and lying. In 
period 3 of experiments 208 and 209 steers C, E, and E received a light 
ration, two-thirds of which consisted of grain— i. e., a ration of small 
bulk — and on this light ration they showed a distinctly greater incre- 
ment of metabolism during standing than upon one considerably heavier. 
It seems at least a plausible suggestion that the deficient bulk may have 
caused a greater degree of restlessness in period 3 and consequently an 
increased metabolism. 

CORRECTION TO UNIFORM STANDING 

Since standing or lying exerts such a marked influence on the heat pro- 
duction of animals, it is evident that a correction for this influence must 
be made before the results of the heat determinations can be regarded as 
comparable, since, notwithstanding the uniformity of external conditions 
striven after, the proportion of time spent standing or lying, respectively, 
varied more or less. As already pointed out this does not seem to have 
been related to the quantity of feed consumed, the difference having been 
practically as often in one direction as in the other. The stimulating 
effect, if such' there were, seems to have expressed itself in more frequent 
changes of posture and a greater intensity of metabolism while standing 
rather than in more prolonged standing. , The percentage of time spent 
standing appears to be largely a matter of individuality, whatever that 
convenient term may really signify. If we compare tlie results in this 
respect in the several periods, irrespective of the anioiint and,, kind of 
feed, it appears that, with a few exceptions, they show, on the whole, a 
rather marked degree of uniformity in the individual animal' This is' 
especially true if ,e,xperiment 190 be excepted, in which the animals were 
only about 12 months old. The data are contained in Table VIII, the 
averages in each case being computed, excepting the bracketed numbers. 
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TabliJ VIVL. -^Percentage of time spent standing 


Animal and experiment N o. 

Steer I: 

■ 174- 

2^79 V’ , •• • 


lN.'riod 

No, 


i86. 


Average . 


i86. 


Average . 


Steer A: 
190 , 


Average . 


Average . 


Steer B : 

■; 190. 

200 ,. 


.2Z07 . 


, Average , 


A 

B 

C 

D 

1 

2 

3 

4 
I a 
2a 
3a 


Fercent- 
^ age of 
time spent 
standing. 


lb 

2b 

3b 


57 

()8 

57 

60 

61 

63 

.56, 


[87, 

68 

62 


65 

100 

81 

73 


ss 


79 

79 

75 

81 


79 

52 

58 

57 

51 

50 

64 

46 

49 


53 


65 

46 

58 

28 

47 

45 
57 
33 

48 

46 
43 
39 


46 


Animal and exper jiiient No. 


Steer C: 
208 . 


Average . 


Steer D: 

' 208 . 

210. 


Pet'iod 

No. 


Average . 


Steer E: 


208. 


Average . 


Steer F: 


209. 


Avenigc . 


Steer G: 


Average , 


Steer H: 


Average , 


Percent- 
age of 
time spent 
standing. 


[60,1 

42 

47 

41- 

42 


43 

32 

30 

[53] 

38 

36 

30 

40 

24 

36 

40 


34 

30 

27 

39' 

40 

46 

M 

36 


27 

33 

32 

34 

33 

34 


40 

42 

[^^8] 

35 

30 


37 


42 

40' 

[29] 

38/' 

34 

37 


38 
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111 view of this general uniformity, only a comparatively small cor- 
rection would be necessary in most instances to make the results on an 
individual animal comparable as regards standing and tying. When, 
however, it is desired to compare' the results obtained with different 
individuals so as to get a general average, it is clear that the animal 
which tends to stand most is at a disadvantage and ivill show a lower 
net energy value for the same ration not because his feed is any poorer 
but because the animal is a less efficient converter' and that the greater 
the stimulus to metabolism exerted by standing the greater will this 
difference become. It is necessary, therefore, to correct the results 
upon heat production as well as possible to a uniform proportion of 
standing and lying, so as to render the results applicable to an (assumed) 
average animal. According to Table VIII the average percentage of 
time spent standing was 43. In correcting the results, however, we have 
used 50 per cent as the standard for convenience in calculation — that is, 
we have taken as the corrected heat production the average of that 
standing and lying, computed as shown on page 454 for the entire 48 
hoiirSv^ 

OTHIvR FORMS OF MUSCOrAR ACTIVITY 

According to our interpretation of our results, the material increase in 
the heat production of an animal when standing as compared with that when 
lying is simply an instance of the well-known influence of muscular exer- 
tion upon metabolism. Recent investigators, notably Schlossmann and 
Murschhauser (42, 43) and Benedict and Talbot (14, i'5) in experiments 
upon infants, and Benedict and Homans (12, 13) in similar trials with 
dogs, have emphasized the disturbing influence of this factor upon com- 
parisons of different periods,: ' Benedict' and his associates, in particular, 
have devised ingenious methods for determining the degree of muscular 
activity of a, subject, arid have 'insisted- that only periods- of minimum 
activity can, be safely compared. 

We have not yet l'iad the courage to'- attempt to apply to an animal 
weighingTyOoo or 1,200 pounds methods like those which have been used 
so successfully for infants and small dogs, either for 'the 'i,iidie.atioa of, 
minor- -movements or for the determination' of the pulse rate,'' It, se,ems 
likely that the latter, in particular, might be of considerable ai'd'iii. the 
interpretation' of -the results if it should prove, possible to ,' .devise -a'.'form 
of apparatus .,which would not be injured by the .moveme,nts of a, heavy 
animal. ■ 

■ ^ This method of correcting tlie r-esults.assum.es that the relative intensity of the metabolistn of the ani- 
mal when standing' or lying is not affectedb'jr the -proportion of time spent standing, - It might 'be imagined, 
however, that in, a comparatively long period 'of '.standing the original stimulus. to. incidental muscular 
,movements might -gradually fade out-,. so that the" average difference in the' 'rate of metabolism m .the'two 
positions' would be less for long than for short periods. -.In this case o-ur' method of correcting, the results 
would be more or -.less erroneous. ' This possibility' ca'U' be -tested to a, certain- C3«:tent 'by ''cd.m.paring w.i'th 
each oth.erthetw'o'single-days of each period. ■ Out.of-the<$4'-p-os$ib-lecompa'risons,, that one,0'f the two-days 
in.' which the lesser percentage- of time; was spent standing- showed, a greater incr'anent .'of standing -over 
lying, in a.6, cases and a less-: increment in 3,7 cases. , On '"the 'average ,of the .64 days of, maximum .standing 
the percentage, 'of- time :spmt- standing'was:si..9:and on'the-'.<54.days. of '-.minirnmn- standing'-43.5',',-’wMk''the 
corresponding.average percentage 'increases in inetabolistn-.. during st'anding'''Were, - respectively, 435 ..oS na<i 
4S.67, It doeS' not' appear* therefore, that within the range of th'es-eexp'erlmenta the ratio of the metabolism 
when Standing to that .when-., lying was materially 'a^ected 'by the p-roportion of time spent, sta'Uding. ' 
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III coiisicieiirig, however, the weight to be attached to the infiiieiice of 
variations in the niiisciilar activity of the animal, and the degree of 
refineiTietit necessary in experimental methods, it is important not to 
forget the main purpose of the expeximeiits. Tliis purpose -was, as 
already ex];)!aitied, substantially an economic one— viz, to cleteiiiiitie how 
iiiitch of the energy supplied in metabolizable form by the feed is, iiiicler 
ordinary conditions, dissipated through the lieat production caused 
directly or indirectly by the ingestion of the feed and what proportion of 
it remains available for: the physiological uses of, the body. Prom tliis 
point ,of view it is imiiiaterial wdiether the increased heat production is 
caused by ‘'work of digestion’' in the narrower sense, by the stimulating 
effect of the resorbed products of digestion upon the cell metabolism 
shown by the investigations of Piisk (31, 32, 33, 34, 35, 36, 49), or indi- 
rectly by giving rise to increased activity of the voluntary muscles. 
While it is of interest and value to learn as much as possible of the rela- 
tive importance of these factors, nevertheless they are “all in the day’s 
woi'k,” and from the economic viewpoint their aggregate Constitutes the 
increased energy expenditure consequent upon feed consumption. Even 
if it were practicable to base .comparisons upon periods of miiiiiiitmi 
activity , the results, however interesting ph^^siologically, would include 
only a part of the effects which the feed actually exerts upon the i::iietab- 
olism. .If the feed causes greater restlessness in the animal while stand- 
ing or causes it to get up and to lie down more frequently, this gives 'rise, ‘ 
under the, conditions of practice, to just as real losses of energy as does the 
increase of the general cell metabolism when in the lying position and 
from the economic point of view must be taken into account. ' What is 
..■ needed is. a comparison of periods of average rather than of minimtim 
muscular activity and the correction to 12. hours of standing aims to 
..reduce .■conditions to such an- average (assumed) as regards this very 
important factor. 

Of course, however, the possibility of variations in oilier fo,tms of 
muscular activity., arising from differences i.n external conditions other 
than the feed, has to be reckoned with. Naturally the endeavor has' 

■ been, to, make, those conditions as nearly unifonn as possible. The feed- 
■,' ing was identical .from' day to day during 'the, three weeks of each -period 
' 'and was -'given at .the same hours.. The ■ sutrottnclitigs duiitig the days 
spent outside the calorimeter were umfo,rm, and the, animals w^ere ,han,dled 
'„■ by the,, same .attendants,' ■ - 

, ;■ -During^ the, days in the calorimeter even ■ greater uniformity of condi- 
tions , existed. ■ The temperature 'varied ^ only a few, hundredths '.of a 
degree, .the triple -.walls- of,, the apparatus, practically shut off all exteriiai 
'-sounds except the slight- monotonous- click of the 'meter 'pump, wiiile-iir 
the coi]!ip,aratively dim interior the' change ''-outside^ from, daylight^ to arti- 
■ficial light .could not. have: been .'very' 'no-ticeabkt ■Visitors "were-, not ad-,., 
mitted,-,,diiring,,-the runs. -, As' already, stated, ''-all'^the , animals 'were docile 
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and accustomed to being handled, to the wearing of the apparatus for the 
collection of excreta, and to the presence of the observers. 

• Some idea as to the extent to which these precautions were successful 
may be fonnedfrom a comparison of the quantities of heat produced after 
correction to 12 ,, hours standing on the two successive days of each 48-hour 
calorimeter run. The first half of Table IX shows the corrected heat pro- 
duction on the first and second days of each run and likewise the mean, 
computed in the manner illustrated on page 454 for the entire 48 hours.® 


TABrU IX . — Heat production per day and per head corrected to 12 hours standing 


Feeding stuff and experi- j 
mentNo. 

t 

Animal 

No. 

Period 

No. 

Corrected heat produc- 
tion. 

Analysis of heat production. 

First 

day. 

Second 

day. 

4S-hoiir 

mean. 

Stand- 
ing 12 
hours. 

E-ising 

and 

lying 

down. 

CH4 

fer- 

menta- 

tion. 

Re- 

main- 

der. 

Timothy hay: 



Cals. 

Cals, 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 


f ^ 

A 

8, 788 

9,316 

9, 049 

I, 112 

17 

448 

7 , 472 



1 I 

B 

9,899 

9, 565 

9,769 

1,450 

18 

570 

7, 731 

1 I 

C 

10, 309 

10,723 

10, 562 

1,440 

17 

626 

8,479 


1 I 

D 

11,013 

11,130 

II, 149 

1,437 

; 27 

864 

8,821 


A 

3 

5 j 709 

5, 532 

5,636 

1,091 

12 

282 

i 4,251 

190 > 

A 

4 

? 7 . 53 s' 

6, 545- 

6, 709 

I, 023 

3:5 

481 

5 >^ 9 o 

B 

3 

4,985 

4 , 904 

5, 081 

87s 

12 

276 

3, 918 


1 B 

4 

6,09s 

5,886 

5, 852 

937 

12 

361 

4,542 



3 

7, 186 

7,275 

77^45 

1, 001 

25 

6378 

S, 841 


A 

4 

8,057 

8, 205 

8, 186 

I7379 

40 

606 

6, 161 

; 

1 

3 

6,773 

6, 707 

6,778 

1,093 

24 

6367 

5,29.4 


1 B 

4 

7,750 

7 , 783 

7, 837 

1,31s 

33 

6540 

5 , 949' 


f ^ 

3 

7,713 

7,812 

7, 791 

1,107 

■40 

498 

6, 146 

207. — 


4 

9, 267 

9,649 

97 523 

1,438 

59 

794 

7,232 

B 

3 

7 , 996 

8, 070 

8, 064 

1, 190 

43 

481 

6,35° 


1 B 

4 

9, 62 1 

9,637 

9, 812 

1, 758 

5 ^ 

747 

7,256 

Red clover hay: 










. 179............... ■ 

(I 

I 

10, 939 

10,910 

10, 926 

2,354 

43 

626 

7,903 

1 I 

2 

9 , 327 

9»944 

9, 621 

1, 812 

28 

464 

7,317 


I 

la 

9,844 

9, 586 

9, 627 

I, 604 

20 

413 

7,590 

' 186...... 

I 

3a 

9,83s 

10, 618 

10, 176 

1,958 

5 ^ 

464 

7,703 

< I 

2 a 

10,335 

945 

10, 574 

2, 183 


sss 

7, 800 


I 

3b 

10, 178 

10, 197 

10, 206 

1,492 

' 4S 

464 

.8, -202 


. I 

2 b 

10, 274 

10, 976 

10, 501 

I, 688 

-38 

sss 

8, 2'20 

Mixed hay : 











f S 

1 

“,/ 7 S 

3:2,995 

12,359 

1,679 

79 

805 

9, 796 

•211 

s 

4 

9,481 

9, 680 

9,625 

1,498 

76 

527 

7,524 


1 B 

S 

8, 291 

• 8,259 

8, 258 

1,497 

57 

282 

'■6, 422 


s 

,1, 

12, 21 1 

11,971 

12, 098 

I, 802 

■' 80 

■830 

9, 386 

211. 


4 

9,843 

9,242 

9, 568 

1, 95S 

'75 

457 

7, 078 


i G 

5 '' 

7, 811 

7,178 

7,477 

1, 382 

62 

261 

5,772 


^ 4^hour tneans differ from tlie means of the 244lonr. periods for two' reasons: First, the percentage, 
increase. of the metabolism when standing over that when lying varied in the two days, as did' also the 
percentage of the total heat carried off as latent heat of water vapor. On, account especially of the latter 
dinerence, the mean of .the two days taken, singly differs from' that computed' from the ' average heat pro« 
ductiou per minute standing and .lying for the whole 4S hours. Second, .in experiments. 190, '.aoo, and'ao? 
the correctecl results for the 4S hours are computedfrom selected portions of the runs in the manner described 
in an earlier pubKcation (10, p. 43.) , and therefore- differ from the mean of the results for ■ the single 'days . 
Methane computed from digested carbohydrates. ■■ 
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Tabi,^ IX . — Heat production per day and per head corrected to 12 hotm standing — Con. 





Corrected heat produc- 
tion. 

Analysis of heat production. 

Feeding stuff and experi- j 
meiit No. 

Animal 

No. 

Period 

No. 

First 

day. 

Second 

day. 

4S-hour 

mean. 

Stand- 
ing 12 
hours. 

Ris'liig 
and 
, lying 
down. 

CHi 

fer- 

menta- 

tion. 

Re- 

main- 

der. 

Alfalfa liay : 



Cals. 

Cals. 

Cals. 

Cols. 

Cals. 

Cals. 

Cals. 


D 

I 

S.38S 

5,442 

S, 4 xx' 

I, 000 

39 

256 

4, 116 


D 

2 

4, 243 

4,290 

4, 266 

612 

'45 

x6i 

3,448 


B 

4 

7 . 93 X 

7,823 

7, 879 

1, 014 
796 

58 

457 

6,350 

208 ‘ 

B 

S 

5^759 

S, 764 

5 , 764 

45 

302 

4, 62 1 

3,630 


' K 

6 

4, 529 

4,590 

4,566 

732 

24 

180 


C 

4 

8, 96s 

9, 100 

9 , 052 

1,297 

48 

470 

7.237 
5 , 647 


C 

5 

7,340 

7, 391 

7,357 

X, 292 

38 

380 


c 

6 

6, 136 

6, 122 

6, 124 

1,156 

34 

2711 

4, 663 

209 

■ F 

F 

4 

5 

II, 228 

11,432 

8,031 

11,474 
8, 007 

6, 781, 

1, 400 
948 

86 

43 

697: 

429 

9, 291 

‘6, 587 


F 

6 

6, 819 

6, 794 

830 

54 

28s 

5, 6i2 


■ H 

I 

11,424 
10, i8g 

II, 186 

II, 272 

10, 

1, 522 

62 

837 

8, 851 

212 

H 

3 

10, 616 

1,549 
1, 196 

63 

685 

8, 091 
6, 098 


H 

S 

7.836 

7, 582 

7 , 754 

45 

4x5 

Alfalfa meal : 











{ ? 

2 

II, 02s 
9,889 

II, 505 

11,2521 

I, 570 

53 

760 

8, 869 

212 


4 

10, 270 

10, 066 
7,069 

1,425 

1,146 

46 


7 , 9 S 7 


{ H 

6 

7,027 

7,3:32 

42 

4 ,'X 9 

5, 46-3 

Maize stover; 











f 2 

I 

9 , 550 

9, 203 

9 . 363 

I, 428 

31 

495 

7,409 

210. 

D 

2 

8, 605 

8,404 

8,495 
7 , 476 

I, 199 

44 

405 

6,847 


1 D 

3 

7. 527 

7,429 

1,250 

■ 59 

30S 

5, 859 

Maize meal added to 
clover hay: 











f 1 

a 2 

9. 327 

9,944 

9, 621 

I, SI2 

28 

464 

77 3 ^x 7 

179 

1 

3 

10, 483 

9,876 

10, 198 

2, 284 

45 

630* 

7^:239 
8, 6»§9 


1 I 

4 

12, 723 

13,354 

12,947 

3, 124 

21 

I5 no' 

Wheat bran added to 
timothy hay: 

A 










"3 

5 . 709 

S, 532 

5> 636, 

1, 091 
1, 4S6 

12 

, 282 

4,, 25,1 


A 

I 

7,819 

7,328 

7, 7391 

12 

503 

5 , 738 

. '190. 

A 

2 


8, 400 

8,38s 

17307! 


643 

6, 422 

1 B 

®3 

4,98s 

4,904 

5 , 081 

875! 

12 

276 

3- 918 


B' 

X 

6,493 

6, 299 

6,363' 

865! 

6 

400 

5, 092 

Grain mixture No,' i 

: B 

2 

6, 814 

7,117 

7,409 

B 0 S 7 

11 

537 

5, 804 

added to timothy 










' hay: ' 

A 

®3 

■7, 186 

7,275 

7 , 24s 

1, 001 

A 5 

“ 378 

5 , 841 


A 

■■ I ■ 

8, 9 SS 

9, 236 

9 , 274 

1, 322 

32 

“679, 

7,241 

'' . 200.'. 

A 

2 

12, 140 

12, 667 

12, 514 

2, 226 

48 

®i, 043 , 

“ 367 

9 , 197 


,.B 

a 3 

6, 773 
8, 916 

6, 707 

6, 778 

3:7093 

24 

5 , 294 


B 

1 

8,952 

9, 016 

1, 427 

, 17 

“ 556 

7, oi6^ 


^ B 

2 

9,810 

9 , 710 

9, 909 

1,771 

25' 

^ 684. 

7,429 


A 


7,713 

7,812 

7 , 79 x 

1, 107, 

40 

■ , 49'8 

6, 146 


A 

I ■ 

9, 786 

10, 181 

10, 164 

1, 294! 

' ss 

' ■^i 

7, 971 



■■ 2 

13 , 534 

12, 738 

13 , 375 

2,518 

■'.' ,73 

If 222 

9, 562 

■ 207 '. . 

B 

^3 

7,996 

8, 070 
9,568 

8, 064 

i'7.SS'§i 

, ,'43 

481 

6, 35 ° 


B ' 

, ■ 

9,434 

9, 600 

,24 

733 

7,285 


"B' 

2 

11,658 

ill, 640 

II, 720 

■'2,2'85i 

■'"45 

954 

8,436 


« Basal ratioa of coarse fodder oaly. 
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Tabi^U production per day and per head corrected to 12 hours standing — Con. 





Corrected heat produc- 
tion. 

Analysis of heat production. 

Feeding stuff and experi- 
ment No. 

Animal 

No. 

Period 

No. 

First 

day. 

Second 

day. 

48-hour 

mean. 

Stand- 
! ing 12 
hours. 

Rising 

and 

lying 

down. 

CH 4 

fer- 

menta- 

tion. 

Re- 

main- 

der. 

Alfalfa hay and grain 










mixture No. 2 : 


I 

Cats. 

7,434 

Cals. 

7,532 

Cals. 

7,483 

Cats. 

916 

Cals. 

56 

Cals. 

464 

Cals. 

6, 047 
4,780 


E 

2 

5 , 940 

5,911 

s, 924 

788 

S 3 

303 

208. 

E 

3 

5,032 

S, 138 

5 , 084 

824 

3 s: 

i6S] 

4, 060 


C 


6, 802 
6, 096 

6, 927 

6, 858 

1,011 

31 

388 

5,428 


c 

3 I 

6, 149 

6, 123 

1, 043 

34 

284 

4,762 


f p 

I 

9-679 

10, 099 
7,809 

9, 888 

1,132; 

844 

89 

562 

8, los 

209 

F 

2 I 

7. 645 

7, IIS 

73 

382 

5, 810 

5,465 


1 F 

3 

6 , 791 

6, 659 

6, 734 

948 

68 

253 

Mixed hay and maize 
meal: 





1 





'>TT 


2 1 

8,678 

8,362 

8, 470' 
14, 561, 

1,50s 

2,852 

74 

47 ° 

6,421 


1 G 

3 

14 , Sio 

14,467 

68 

1, 126 

10, 515 

Mixed hay and hominy 
chop: 








1 

! 

7, 538 

211 


2 

9,782 

10, 126 

9, 947 

1,695 

71 

643 

1 D 

3 i 

14 , 8771 

15, 040 

14, 936 

1,850 

102 

1 , 216 

II, 768 


As already stated, we estimate the experimental error in the deter- 
mination of the heat emitted by the animal to be approximately i per 
cent In the 73 cases in which a comparison of the two days can be 
made, 40 show a deviation from the mean of the two 24-hour results 
of less than i.i per cent — i. e., the results for the two days practically 
agree within the limits of experimental error. Of the 53 experiments 
made since 1905 — e., experiments 200 to 212— which, in our judg- 
ment, are, on the whole, more accurate than the earlier ones, 36 fall 
within this limit or error. On the other hand, however, deviations as 
great as 2 per cent are not uncommon, while occasionally they rise to 
as much as 5 per cent or even 7 per cent. The mean of the percentage 
deviations is for the entire series 1,45 per cent and for experiments 200 
to 212, inclusive, 1.13 per cent. Moreover, the deviations of the single 
days from the mean are, on the whole, fully as great after reduction to 
12 hours standing as before. It is clear, therefore, that despite the 
apparent uniformity of experimental conditions the tnetabolisih of the 
animals was affected by influences other than the feed or the propor- 
tion of time spent standing. ■ „ , ■ ■ 

Mr. H. H. Mitchell, of the Illinois Experiment Station, has had the 
kindness to submit these data to mathematical study and finds that 
they present , clear evidence'; of 'the' /existence ' of individual ' differences; 
between the animals as regards the agreement between the two days. 
He writes as follows: 

It seems very evident to me both from inspection of the data and from statistical 
calculations tliat the percentage deviation of duplicate determinations of the heat 
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prodiictioii of ' animals is 'variable, depending undoubtedly upon the particular 
animal tinder investigation and possibly, also, upon tlie nature of tlie ration. Thus 
the average percentage, devi,ations for the four animals for which lo or more, obser- 
vations are recorded, with their probable errors, are: 


Animal I. 
Animal A. 
Animal ,A. 
Animal B. 
Animal D 


a. 10 ±0. 23 
® 2. 2 5dbo, 35 
^ I. 77 ±0. 18 
o. 75zba. 13 
I* 32 ±0. 28 


While,' according to these figures, animals I and A can not be, differentiated ,from 
each other, they are both clearly differentiated from animal B, the differences, 
with their probable errors, being x. 35 ±0.26 between animals I and B and 1.02 ±0.22 
between animals A and B. The difference between animals I and D was 0.784:0.36, 
the significance of which may be questioned. Using anotlier method of compari- 
son, it may be shown that the odds are 124 to i tliat animals G and H are definitely 
distinct as regards the percentage deviation under discussion. I should not hesi- 
tate to conclude, therefore, that this percentage deviation is affected by the indi- 
viduality of the experimental animals. Furtliermore, there is a slight suggestion, 
especially in the data of animals A and B, that the nature of the ration may affect 
the percentage deviation of your determinations. 


It is of interest to note in this connection that the results of Kellner 
respiration experiments (uncorrected for standing or lying) likewise 
show variations of much the same order of magnitude between indi- 
vidttal (not consecutive) days. When, therefore, comparisons are based 
upon the average results for 48 hours, it is impossible to assert that 
these results represent, as they should, periods of average muscular 
activity, although it would appear that the error thus introduced is 
usually not large. In Kellner’s experiments it is still further reduced 
by the fact that in most cases the results of four or five single runs are 
averaged. 

AN ABYSIS OF HFAT PRODUCTION 


In Table VII were shown the increments of heat production per 24 
hours in standing animals as compared with those lying. It is evident 
that of the total corrected heat production recorded in Table IX an 
amount equal to one-half of the corresponding increment s},iow,n by 
, Table VII is to be regarded- as the effect of the 1,2 Iiours^ standing,, 'while 
the,„xem'ai'nder, 'i*epresents, the , metabolism of the animal per 24 liours 
'lying;,. '. 0 ,n'the basis; of -Zuntz’s recent results it is possible to carry this 
■■anaIysiS;Of, the heat production a little farther, at least approximately. 
■The' expenditure'of energy caused by, standing obviously includes that 
.■required Tot ' , the muscular effort ■ of rising and lying down. ' Vom der 
Heide,. Klein,, and Zniitz (20^ p, 823) ■. estimate ' this ■on the , basis, of' 
experiments , by Klein "at 9.7 Calories per 550 ' kg. of live, weight' for 
once ,rising,,.and lying down again. . The same investigators ' (20, p. 795) 
comp,ute;, from,-. Markoff’s , experiments ,(37, 38) , that the'' methane .fer- 
mentation .in' cattle' gives .rise to.' 'the-, evolution of 4.374 'Calories of heat 
per cubic' .centimeter of 'methane, equivalent ■■'■to 6.07, .Calories. .per gram. 
.■While , -both the. fpre'going" figures .'.are , ".confessedly but approximatio,ns,', 
■'nevertheless^ they permit a partial analysis of the heat production with 

« 'Ittcludiag auestiomable observation." .' & Not including questionable observation. 
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the results shown in the second part of Table IX. The remain der^^ 
shown in tile last column includes the so-called basal or fasting meta- 
bolism, together with the ejOfect of the feed in increasing the muscular 
activity of the organs of digestion and of the voluntary muscles in the 
lying position, as well as in directly stimulating the cell metabolism. No 
sufficient data are available for further analysis of this “remainder,^’ 

PROPORTION OP ENERGY EXPENDED IN HEAT PRODUCTION 

method op determination 

The total metabolism of an animal upon any particular ration, as 
illustrated by the figures of Table IX, is made up of numerous factors, 
and a single experiment affords no means of determining the proportion 
due to the consumption of feed. This can be deteniiined only by a 
comparison of two periods, otherwise identical, in which different quan- 
tities of the same feed are*.consumed, the additional heat production on 
the heavier ration constituting the measure of the additional energy 
expended. With carnivora and with man the comparison may be made 
with the fasting state — i. e., the amount of feed in one of the periods 
may be zero. With cattle this is impracticable for obvious reasons, and 
it is necessary to make the comparison with a period upon a so-called 
basal ration. Kiihn and Kellner added the feeding stuffs to be tested 
to a mixed basal ration that was more than sufficient for maintenance. 
In our earlier tests, up to experiment 207, inclusive, the same general 
plan was followed, except that the basal ration consisted of coarse feeds 
only and was in most cases below the maintenance requirement. In the 
latfr experiments the method was modified by feeding different quan- 
tities of the same feed or mixture of feeds both above and below the 
maintenance requirement. The method of comparison for a ration con- 
sisting of a single feeding stuff is very simple. Thus, in experiment 207 
the following results were obtained on timothy hay with steer A in 
periods 3 and 4. The same method of comparison may obviously be 
applied also to different amounts of a mixed ration of grain and hay. 


Computation of energy expenditure hy steer A pet kilogram of timothy hay mien 


' ... '' ' ' ■" ! 

Quantity 

Total 

■ Distribution of heat 'proditct.ion.' ' 

Item. ' 

ofdry 

matter 

eaten. 

heat 

produc* 

tiofl. 

'■ ■ ' ' ■ '.j 

Standing. '1 

Rising 
and lying 
d'bwn. '' 

Termen- 
tatidn. '■ 

Remaim: 
"■ ■' der. 

Period 4- 

Gm. 

Calories. 

Calories. 

Calories. 

' Calories. 

Calories. 

4,892 

9. 523 

1.438 

. " '59 

','794' ■ I 

' , 7,, ,232 

Period 3 

2.974 

7.791 

1,107 

^ '40'' 

498 

, , 6, 146' 

' '■ 'Mfferen'ce,:.,.'. , 

1, 91S 

b. 733 ' 


',19 

' ■298^ 

I, 086 

Differetaoe per' : 

\ of .dry matter.', . 

903 



1S4 

: .S<57: 
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j The comparison of these two periods shows that each additional kilo- 
gram of dry matter consumed increased the total heat production by 
903 CaiorieSj 173 of which represent energy expended in standing, 9 that 
expended in rising and lying down, and 154 the addhioiial heat due to 
the iiietliaiie fermentation, while the remainder, 567 Calories, represents 
the increased mechanical work of digestion plus any stimulus wliich the 
digested nutrients exerted upon the cell metabolism. Obviously the 
calculation' by difference eliminates the basal metabolism. 

For concentrated feeds, which can not be fed alone, two methods 
have been used, as already noted. In the earlier experiments, the con- 
centrate was added to the basal ration of coarse fodder. Thus, in period 
2 of the experiment just used as an illustration a mixture of grains (grain 
mixture No. 2) was added to the basal ration of period 3 with the follow- 
ing results: ' 


Computation of energy expenditure by steer A per kilogram of grain eaten 


Item, 

Quantity of dry 
matter eaten. 

Total heat 

Distribution of heat prodtiction. 

Hay. 

Grain. 

produc- 

tion. 

standing. 

Rising 
and lying 
down. 

Fermen- 

tation. 

Remain- 
' dcr, ■■ 


Gm, 

Gffu 

Calories, 

Calories, 

Calories, \ 

Calories, 

Calorm. 

Fefiod. 2. .' . . . . . . , . V . 

2,949 

4,759 

13, 375 ! 

2,518 

., 73 ' 

1,,.222 ^ 

9,562 


2, 974 


7,791 

1,107 

40, 

498 

0, 146 

Difference...,. 

■■.'. '—25 ^ 

4 , 759 

5 . 584 

1,411 

33 

724 

3,4x6 

Difference per 








kilogram of 








dry matter... 



1, 179 

298 

7 

^53 

72 X 


Each kilogram of dry matter of the grain increased the heat pro- 
duction by 1,179 Calories, which can be subdivided as before in the 
proportions ' shown.’^ The greater expenditure, of energy per kilogram 
in the case of grain as compared with hay is seen to be due in part to 
a greater increase of the metabolism of the animal when standing and 
.in part .either to increased mechanical work in digestion or more likely to 
a greater stimulus of the cell metabolism. 

' ' Tn later experiments .. (Nos. 208 to .212, inclusive), in place of adding, 
grain to axationof coarsefodder, the animals received varying .quantities 
of a'uniform mixture' of coarse fodder and grain, the^ energy e,xpenditiire 
;.eaused'by'th'e, total ration being 'determined substantiaily.in the manner 
already illustrated. The portion of the increase due to the grain alone 
.^was computed • by subtracting 'from' .the' total increase "that' due .'to the' 
hay as .determined in two, or ".more separate periods 'on exclusive hay 
rations.^'. '.The^method' may be illustrated 'by ■the .results obtained'.' witlr 
steer E in periods I and 3 of experiment 208. 

I' Logically, the.festilts of the' co.mpa'rison' shoillcl; be 'corrected.lor tlie, 'slight 'differatce (a's gmO in ibo 
attioiint. of 4ry matter of Imy consumed. .' ' As"a laatter of, fact, boweyer, this correction is ittsifmficantiu'* 
ailthe experiments, amoimting in the present 'mstance to about 1; Calorie. . ■ ■ 

^ .S'When more than two periods of hay feeding were used- the increased heat production per kilogram of 
hay was computed by comparing the periods on the heaviest 'and 'the lightest rations, ' . ' 
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Computation of energy expenditure of steer E per kilogram of grain eaten 


Item. 

Quantity of dry 
matter eaten. 

Total 

heat 

produc- 

tion. 

Distribution of heat production. 

Hay. 

Grain. 

Standing, 

Rising i 
and 
lying 
down. 

Fermen- 

tation. 

Remain- 

der. 


Gm. 

Gm. 

Calories. 

Calories. 

Calories. 

Calories. 

Calories. 

Period i 

I, 086 

2, 122 

7,483 

916 

56 

464 

6,047 

Period ^ 

387 

764 

5,084 

S24 

3 S 

165 

4, 060 

Difference 

699 

IjSSS 

2,399 

92 

21 

299 

1,987 

Difference dtie 








to 699 gm, of 








hay 



840 

71 

9 

70 

690 

Difference dite 








to 1,358 gm. 








of grain ..... 



1,559 

21 

12 

229 

1,297 

Difference per 








kilogram of 








grain 



1,148 

15 

9 

169 

9 SS 


a Computed from a comparison of periods 4 and 6. 


DIFFERENCES IN DIVE WEIGHT 

As the figures of Table VII show, the live weight of the animals varied 
more or less in the different periods. To what extent do these varia- 
tions affect the conclusions drawn from comparisons like those just 
illustrated? 

Two effects other than those due directly to the amount of feed might 
be anticipated from an increase in the live weight: First, an increase in 
the basal metabolism due to a “greater mass of tissue, and, vSecond, an 
increase in the muscular work of supporting the body in the standing 
position. As regards the first of these, it is to be remarked that the 
experimental periods were short (three or, hi a few cases, four weeks only) 
while the changes in the amount and kind of feed consumed were con- 
siderable. It vseems altogether probable that the larger part of the 
variation in weight must be ascribed to ''filT — i. e., to variations in the 
contents of the digestive tract rather than to any considerable change in 
the make-up of the body proper— and that the actual basal metabolism 
was not greatly affected. As regards the effect upon the muscular work 
of standing, it has been already pointed out that this appears to be a 
relatively small factor in the total increase of heat elimination in stand- 
ing.,, ■ In view of : these considerations,' 'it. is .to be anticipated ' that' :a^ cor-, 
rection of :the: heat production^ in, propprtio,n' to' either:'the"weight'',or 'the' 
surface 'Of.thC' animals, would materially: exaggerate the' effect 'itpon the" 
metabolism, and, on the whole, we have regarded it as safer to disregard 
the variations in live weight rather than to attempt a more or less coii- 
,'jectural, correction. v. 
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I-mAt INCREMENTS PER KILOGRAM OF DRY MATTER 

The results of the comparisons between periods made by the methods 
just illustrated are contained hi" Table X, In those cases in wiiicli more 
than two periods upon the same ration can be compared, the total heat 
increments per kilogram of dry matter are recorded for eacli successive 
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Pig. a.—Gfapii sliowiug the ^'relation, of heat: production. 'to dry m.atter consumed; compated per '500 kg, 

live weight. 

pair 'of' periods, ■begiiming with the 'lighter, ration. ■ ''Thus,' in'' the case of 
steer I in experiment; 174 four' different amo.untS' of; timothy hay,^' were 
eaten. ■ ■ Table 'X shows' the .total heat incretneuts'computed by comparing 
periods'A with'''B;'B'with.^'C'y.'C' with il)y;:and .finally; A'' 'The 


^ About sso gin. .of limeed .mealin' each 'period were' .'also fed, 
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final comparison, between the smallest and greatest rations, is regarded 
as the average result, and on it is based the computation of the distribu- 
tion of this energy between standing, rising, and lying down, fermenta- 
tion, and the “remainder,” as well as, in the case of mixed rations, the 
computation of the energy increment due to the hay. The same results, 
computed per 500 kg. of live weight, are also represented graphically in 
figure 2, the abscissse representing the amount of dry matter consumed 
and the ordinates the corresponding corrected heat production, the 
heat production per kilogram of dry matter corresponding to the tangent 
of the angle between the graph and the horizontal axis. 


TabIvE X . — Increments of heat production per kilogram of dry matter 


Feeding studff and experiment 
No. 

Animal 

No. 

Successive amounts of 
feed. 

Comparison of greatest and 
least amounts of feed. 

Aualysis of heat incre- 
ments. 

. 

Standing 12 hours. 

Rising and lying 
down. 

1 

1 

S 

i 

'I 

1 

Timothy hay: 


Cals* 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

174 

r 1 

634 

716 

612 

656 

102 

3 

130 

421 






719 

—46 

2 

133 

630 


1 B 




922 

74 

0 

102 

746 

• 2!on - , 

( ^ 




529 

213 

8 

128 

180 


1 B 




793 

166 

7 

130 

490 

207 

1 ^ 




903 

173 

9 

154 

567 


1 B 




9 S 4 

310 

4 

I 4 S 

495 

Average 





782 

141 

5 

132 

504 

Red clover hay: 










170 

I 




Q02 


II 


446 









186. — . . 

I, series a 

455 

449 


453 

277 

8 

68 

100 

Average. 





723 

344 

10 

'96, 

'm 

186. 

I, series b 





220 

—10 

.103 

,, ■ 20 





000 

.Mixed hay.: ' ' 










0 T T 

1 5 

799 

i,oro 


928 

41 

5 

1181 

',,764 


l G 

h 3 S 7 

860 


1,031 

94 

4 

131 

; ,.806 

.'Average, ....... 


1,078 

935 


980 

67 

"5 

'' 123 

785 

Alfalfa hay:' 





1 ’ 



1 . • ' 



f D 


i, ' ' '■ 


[M 339 

454 

7 

III 

781 

'"208. 

( E 

I, 204 . 

' T. 200 


: , 202 

102 





1 C 

I, 260 

! 1,030 


' I, ri6 

, '54 

,'■'5 

76 

907 

981 

. , ,209 ■ . 

■ F 

918 

1 ^»327 



T/f Cf 

8 






I ' ’^45 


932 

, 212. . . . 

' H , 

I, I6I 

671 


." '981 

.91 

...5 

: 118 

767 

. Average.:, . . . . 


‘■f, 147 

1,051 


I, i6s 

L'ldp 

5 

i 102 

'. '.889' 
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Tabi^tI^ X. — Increments of heat production per kilogram of dry matter — Continued 


Feediii{j stuff and experiment 
No. 


Animal' 

No, 


Alfalfa meal : 

212 . 

Average of alfal- 
fa hay and 
meal. 

Maize stover: 

210 . 

Alfalfa liay and grain 
mixture No. 2 : 

208 . 

209 . 

Average. 

Alfalfa liay and grain 
mixture No, 2 (periods 

' .i'and:,2)': ■■ 

208. 


,209., 

Average. 

Mixed liay and maize 
meal: 

211 . 

Mixed' liay and hominy 
chop: . 

211 . 

Maize meal added to do-,, 
.verhay;' 

, Mai,ze .meal (computed) : 

Hominy chop, ■, (com- 
,puted):'. 

'■'2II.; 

'■Wheat ,, bran , 'added ■ to 
■ timothy hay:"' ^ 

' '' , 1,90 .' ' 



D 


Average.' 


Successive amounts of 
feed. 

Comparison of greatest and 
least amounts of feed. 

Analysis of .heat i,iicriv 
iiicuts. 

52 

§ 

A 

be 

oa 

bfl 

■1 

TS a 
& i; 

'0 

.S 

't/I 

2 

ri 

.2 

9 

1.M 

a 

u 

Remainder. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals, 

I? 33 ^ 

939 


I, 190 

12 1 

3 

97 


1, 184 

ij 028 


I, 169 

i6x 

5 

XOI 

902 

1,034 

I, lOI 


1,06s 

101 

-16 

los 

87s 

1 . 39 S 

1,072 


I, 166 

45 

10 

X45 

966 




3:39 

-50 

~ 5 

x6x 

X7 033 

886 

1,244 


I, los 

64 

7 

108 

926 

1, 146 

1, 160 


3:7x39 

20 

4 

138 

977 




X, 072 

88 

2 

IIX 

871 




1, 248 

169 

9 

103 

971 




1, 160 

127 

5 

107 

921 




1, 297 

287 

-“I 

140 

■871 




r, 147 


7 

432 

,972 

765 

1, 004 


953 ': 

3,75 

'—I' 

,185' 

393 




.1, 434 

386 

-4 

146 ' 

,906 

■ ,. ■' ;''i 




':'‘ 3 o 


146 

X, 180 

1>S6J 

525 


1', 066 

'' '84: 

' 0 

140 

, ,' 842, 

1,246 

3^*343 


'' 'X, 288 

,'ioi: 

■ '—'I 

„■ X44 

1,044,: 

1,404 

934 


■I, X77 

93 


,142' 

', ','",943''', 



Mar, 25, X91S 


Energy Values of Feeding Stuffs for Cattle 


475 


Tabl^ X , — Increments of heat prodticiion per kilogram of dry matter — Coiitintied 


Feeding stuff and experiment 
Ho. 

Animal 

No. 

Successive amounts of 
feed. 

Comparison of greatest and 
least amounts of fe«i. 

Analysis of heat incre“ 
ments. 

Si 

H 

bjO 

i 

S 

CO 

Rising and lying 
down. 

CH4 fermentation. 

■i 

1 

Grain mixture No. i 










added to timothy hay: 


Cats. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

Cals. 

200 . , . 

1 4 

h 157': 

1.348 


1.267 

294 

6 

160 

807 


1 B 

h 933 

935 


I, 482 

321 

0 

150 

I, on 


I A 

i b2i3 

1. 156; 


1,179 

298 

■ 7 

1.53 

721 


1 B 

1 1, 129 

1, 640 


1.378 

413 

I 

178 

786 

Average 


1.358 

1,270 


^7327 

331 

4 

161 

831 

Grain mixture No. 2 (com- 










puted): 










CfoR 


1,494 

1,004 


1, 148 


9 

169 

955 


1 C 




1. 152 

-99 

-9 

i 202 

1.058 

200 

F 

759 

1.277 


’ h 077 

27 

7 

no 

933 






Average 


r, 127 

1,141 


1, 125 

-19 

2' 

160 

982 

Grain mixture No. 2 










(computed from pe- 










riods i and 2): 










208- 

E 


I 


1, 004 

80 

— '3 

n6 

i ' 8x1 

200. 

F 




1,277 

X75 

0 

103 

990 






. y 

Average... 






1, 141 

128 

1' 

3 

1 10 

900 


CRITICAI, T^MPURATUEE 

In order that comparisons like the foregoing shall be valid, the experi- 
ments must, of course,' be made above the. so-called ' “critical tempera- 
ture” for the' animal experimented with and for the minimum' quantity 
of feed consumed, vSince below this temperature part of the heat produced 
■is utilized to mamtam the body temperature and thus', to .reduce the, 
amount of heat liberated by the katabolism of body substance (2, p. 
347-359, '407-410).' Our, 'experiments have been' made 'at .about ,17® ''to' 
1 8®' C'., and wC' have not attempted'' to deterniine' the 'Critkal temperature 
for. cattle, '.'but the fact' clearly shownrin figure. 2. that the heat,"p''rodu'ctiou' 
per kilogram of feed consumed showed no tendency to increase as the 
rations were made heavier 'leads us to believe that ' even ,011 the' lightest 
'..rations the temperature was safely above, the point at which the: so-called' 
.“chemical'”' regulation of bo'd'.y' temperature begins."' '■ ''Kellner's '''''experh' 
.'.mentswere made at somewhat'' lower 'temperatures, 'm.ostly. between ''12'® 
and 15® C., but on heavier rations. 
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DISCREPANCIEIS IN' RiSSULTS 

It is apparent, from both Table X and figure 2 that the single revSiilts 
show a considerable range for the same or similar feeds not only with 
different animals but also, in some instances, between different periods 
with the same animal. For example, in experiment 209, on steer F 
with alfalfa hay an increase of the ration from 2,226 to 3,562 gin. of dry 
.matter caused an increase in the (corrected) heat production at the rate 
of 963 Calories per kilogram, while a further increase to 6,174 gin. re- 
sulted in a relatively greater increase of the heat production— viz, i ,301 
Calories per kilogram. 

In the instance just cited one might be inclined to interpret the differ- 
ence as an effect of the greater feed consumption. The next line in Table 
X, however, shows an even greater difference in the opposite direction, 
while it is evident from figure 2 that the data as a whole show about as 
many differences in one direction as the other and, as pointed out in the 
previous paragraph, fail to give any distinct evidence of a greater relative 
increase of heat production on heavy as compared with light feed or on 
supermaintenance as compared with submaintenance rations, the averages 
tending, if anything, to be a trifle lower on the heavier rations. 

Unavoidable differences in the muscular activities of the animal, other 
than those connected with standing and lying, and in other conditions 
have also to be considered. As already pointed out, the existence of 
such differences, in spite of the uniformity of the controllable experimental 
conditions, is indicated by the occasionally considerable divergence of 
the heat production upon the two days of the calorimeter runs. It is 
not improbable, therefore, that they may be responsible, at least in part, 
for the observed discrepancies, so that it is obvious that the average re- 
sults must be accepted with some reserve. On the other hand, however, 
it must be remembered that these are calculations by difference atid that 
in such a' calculation the experimental errors' tend to, accumulate in the 
final result. ' Obviously the greater we -make the difference in the' factor 
whose effect is to be determined, the less will be the relative em,')r of the 
final results WC" believe, therefore, that -the results .obtained by a 
,, comparison of the extreme' rations,- as recorded in, column 4 of Table' X, 
are,, decidedly' more trustworthy than those computed' from the.inter- 
"mediate rations, .'and, notwithstanding the discrepancies Just,, mentioned,, 
are inclined'/to.- regard them as expressing the total effect' of the -feed in 
increasing the metabolism, when variations in the time of standing are 
'eliminated,,,, w,ith',,'a-'sufBcient 'degree-of accuracy to warrant' general com- 
parisons'", of; the average results.' These, average results, both" as, to, the'' 
■ -total ' heat'' increment, and,, itS' facto-rs, ^ are summarized' 'in "Table ■'XI.- ' ■ , 

' 1 ' Out 'Of 3:3^ cases, ifl whiclii::tl 3 ,e, results .appear abuo'rmally'' high or low,' -there -were <S iti .which' . the iiifeeace' 
'm' dry mattw- cousiuned 'was, less than i ,-kg., although there were s other "cases I e'' wlrich'. with a 'sMilar' 
small difference in the dry 'matter -consumed, .apparently norm-al .results were, obtained-. ' - - , 
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TaelB XI . — Average increments of heat producUo 7 i per kilogram of dry matter 




Analysis of heat mcreraent. 

Feeding stuff. 

Total 

incre- 

ment. 

Standing 
' 12 hours. 

Rising 
and 
! lying 
down. 

CH 4 

femienta- 
i tion. 

Remain- 

der. 

COARSB fodders; 

Cals. 

Cals. 

Cals. 

Cals. 

‘ Cals. 

Timothy hay 

782 

141 

5 

132 

504 

Red clover hay: 

Average 

723 

344 

10 

96 

273 

Experiment 179. .* 

992 

412 

II 

123 

446 

Mixed hay 

980 

I 68 

4 

123 

78s 

Alfalfa hay 

1. 165 

169 

5 

102 

889 

Alfalfa meal 

I, 190 

121 

3 

97 

969 

Average of alfalfa hay and 
meal 

I, 169 

161 

5 

lOI 

002 

Maize stover 

1, 06s 

lOI 

—16 

IDS 

87s 

Mixed rations: ■ 

Alfalfa hay and grain mixture 
No. 2 

Average of all. 

hm 

20 

4 

138 

977 

Average of periods i and 2 only . 

1 , 160 

127 

5 

107 

921 

Mixed hay and maize meal 

1, 297 

287 

— I 

140 

871 

Mixed hay and hominy chop 

h H 7 

36 

7 

132 

972 

Concentrates: 

Maize meal added to clover hay 

952 

375 

— I 

185 

393 

Maize meal computed from mixed 
ration — 


386 

- 4 

146 

906 

Hominy chop computed from 
mixed ration. 

1,36s 

30 

9 

144 

1, 180 

Wheat bran added to timothy hay. . 

1, 177 

93 

I 

142 

943 

Grain mixture No. i added to timo- 
thy hay 

1,327 

", , 33 ^ 

4 

' 1 61 

831 

Grain mixture No. 2 computed from 
mixed ration. .. .. .. .............. 

1, 125 

—19 

2 

160 

982 

The same from periods i and 2 only . 

1,141 

128 

■;'■, ' 3 ,' 

no 

900 


COMPARISON OR. CQARS.^ RBUDS AND CO'NCESNTRAtBS: ■ 

The average results recorded in Table XI for the total increase in 
metabolism resulting from the consumption of i kg. of dry matter of 
the several rations— i. e,, for the so-called ‘*work of digestion^' in the 
widest sense— are far from being in accord with common conceptions. 
Unconsciously misled by an unfortunate terminology, we have been 
accustomed to, think of the ' more ■' coarse and woody feeds, 'like, hay,, 
straw, stover, etc., as requiring a greater expenditure of energy in their 
digestion and assimilatioh than the more concentrated and highly 
digestible grains, for example. It may be somewhat surprising, there- 
fore, to note the relatively small differences found in this respect between 
■'different , ''Classes of 'feeding ■ stuffs, '■ as,, shown'-by the' averages, of Table' 
',Xh',',and by,' ''figure ■'2.^; ,'F^^ the expenditure of energy caused 

' by',, maize meal. in; experiment x,79': was,, almost as" great as that caused by' 
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the cloveir hay with' which it was fed, while in experiment 211 it was 
apparently distinctly greater than that due to the mixed liay con- 
sumed with it.. Grain mixture. No. 1 deddedly exceeded timothy hay 
ill this rcvSpect, and grain mixture No. 2 was nearly cc|iial to alfalfa liay. 

As a matter of fact, however, these results are in general harinony 
with those of other investigators, particularly Kellner. The senior writer 
(2,. p, 492)' pointed out some 12 years ago that the . total expendi-. 
ture of energy consequent upon feed consumption, as computed from 
Kellner’s published experiments, is strikingly uniform for the several 
materials experimented upon with the exception of wheat gluten,, tlie 
average results computed per kilogram of dry matter being quite of the 
same order as those here reported, viz: 


Average energy expenditure per kilogram of dry matter 


Calories. 


Meadow hay i, 254 

Oat straw — 1,014 

Wlieat straw i, 13S 

Extracted straw. i, 160 

Starch: 

Kahn's experiments i, 508 

Kellner’s experiments — 

Moderate rations i , 248 

Heavy rations. ......... 903 


Peanut oil 

Wheat ghitcn : 

. Kiihn ’s experiments. 

Kellner’s experiments ..... 
Beet molasses 


Calories, 
I, 727 


.SS8 

2, 096 
988 


Kellner's later experiments (24, ed. 6, p. 160-168) have not yet been 
published in full, so that it is not possible to make an exact computation 
of the energy expenditure. In certain cases, however, the percentages 
of digestible nutrients are reported. If the corresponding amount of 
metabolizable energy be computed, using the factors given on page 453, 
and from this the amount of energy gained by the animal subtracted, 
the difference will represent approximately the energy spent in digestion, 
etc. The results of such computations are as follows : 


Energy expendiiure per kilogram of dry matter^ computed from Kellner's experiments 


.Feeding sttifl. ■■ 

Bigcstifole 

ntitnents. 

. Computed 
metiibolizu* 
ble exiergy. ' 

Gaitiiu. 
ei’ierKy by 
. animal, 

Jtmvgy 
expended 
in feed 'am* 
sumption* 

Cottonseed meal . ... 

Cm. 

Cahfks. 

Calories. 

Cai&rks* 

647 

2,588 

; ■ 1, 869 

719 

Peanut meal 

672 

. . 2, 688 
2, 496 

h 79^ 

890 

Palmmiit meal. . . 

624 

h 739 

'' 767 

binseed' meal. . . . . 

690 

' .2, 760, 

' 1,828 

. , "932 

'Barley 'straw. . ... . ,'■! 

464 

■ 1,624 

;''747,:,i 

877' 

Clover hay. 

498 

■■ b'.7.43.' 

, 811 

' " '932 

*'Grass .hay 

528 

1, 848 

. 'S03 

'I.,. 045,.' 

Rowen. .:. . 

487 

■ , 4 .', 7 ,o 5 "i 

: 747 ": 

, '. 95 ^ 


The approximate results thus computed for the coarse fodders are 
comparable in a general way with ours upon similar feeds, although 


One' very 'Isigh. ire^ult wes ;''reject«^ 
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somewhat lower than Kellner's direct results Just cited. Those on the 
oil meals appear relatively lower than ours, although even then they 
are not much lower than those for the coarse feeds, but it may be ques- 
tioned whether the estimates of the metabolizable energy of these feeds 
are not too low. 

FACTORS OR INCRSASl^D METABOLISM 

Even the very approximate and partial analysis of the total heat 
production which is attempted in the second part of Tables IX, X, and 
XI serves to show that the degree of uniformity noted in the preceding 
paragraph, so far from being surprising, was rather to be expected. 
The notion of a greater expenditure of energy on coarse feeds is based 
on the idea that this expenditure is largely for mechanical work. The 
analysis of the heat production attempted on preceding pages, however, 
even though only approximate, clearly shows that a considerable por- 
tion of the increase in heat production is due to other causes. Roughly, 
from 9 to 1 7 per cent of the increase is computed to have had its source 
in the methane fennentation, while from 3 per cent to as much as 30 or 
40 per cent appears to have been due to increased muscular activity 
while standing. The ''remainder" may be regarded as consisting of the 
mechanical work of digestion plus the stimulus which the feed exerted 
upon the general metabolism of the animal. How large the latter fac- 
tor is we have no means of determining, but apparently it is not incon- 
siderable. 

It would seem that the energy expended in peristalsis can not be 
widely different per kilogram for the different classes of feeding stuffs. 
On the other hand, the work of mastication and rumination has been 
shown to be distinctly greater for the coarse feeds. On the basis of 
Paech tiler's (39) and of Dahm's (17) experiments on cattle it may be 
roughly estimated at xoo Calories per kilogram for hay. Zuntz and 
Plagemann (52) found the work of masticating oats by the horse to be 
28 per cent of that required for hay. On this basis an expenditure by 
cattle of approximately 28 Calories per kilogram of concentrated feeds, 
may be estimated. If these amounts are subtracted from those shown 
in the last column of Table XI, the following approximate figures are 
obtained per kilogram of dry matter consumed for the work of peristalsis 
plus the food stimulus to the general metabolism : 

'COARSE FEEDS 

Calories, 

yimothyhay . . .... '404 

Clover hay (experiment 179) . . . . 346 

Mixed hay. .... . , ■’'685. 

Alfalfa hay.', V. , 802; 

■ Maize Eto ver. 

Whether the peristalsis in cattle is as small 

as it appears from recent investigations to be in man and in the car- 
nivora' it', is impossible: to say,,, but one can hardly avoid the impression 
that the considerable differences shown by the foregoing figures, and 


CONCENTRATES' '' 

■ Calories. 


Maize meal. .. . . . . . . ............ 878 

Hominy chop. .. .. ..... . . . . . 1, 152 

Wheat bran. ... , . . ... ... .... . . . 915 

Grain mixture No. i . . . . , , . . . . * . 803 

Grain' mixture No'.',2, ■'■872 
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especially the generally higher results for the concentrates, indicate that 
the direct stimiilatioii of metabolism is a large factor. 

It appears, then, that while the meclianical work required for the 
digestion of concentrates is somewhat less tliaii that necessary in case 
of coarse fodders, this difference is more than compensated for by otlier 
factors, so that on the whole fully as great an increase in the licat pro- 
duction is caused by the consumption of tlie concentrates. As a class, 
concentrates are superior to coarse fodders, not because their consiixnp- 
tion iiiYolves a less expenditure of energy, but because ttiey contain 
more metabolizable energy, so that more remains' available for body use 
after that expenditure has been met. 

DirruRENcns BitxwnnN feeding stuffs 

But while our results do not show the existence of as great differences 
between the two great classes of feeding stuffs in their effects on the 
energy expenditure of the body as seems to have been at times assumed, 
they nevertheless reveal distinct differences even between feeding stujffs 
of the same class. Thus, among the hays (if the results of experiment 
179 for clover hay are accepted) a regular increase is found in the total 
energy expenditure from timothy hay with an average of 782 Calories 
through mixed hay and clover hay up to alfalfa with an average of 
1,169 Calories. . Apparently ' the, .legumes ' cause a distinctly greater 
increase in the metabolism than the Poaceae (Gramineae). In the case 
of red clover, the difference, according to the meager results obtained, 
appears to result chiefly from a stimulation of the metabolism clue to 
standing. With alfalfa, on the contrary, the increase in the standing 
metabolism is not materially greater than in the case of timothy hay, 
while that due to fermentation is somewhat less. The chief difference 
between the two : seems to lie either in their effect upon, the wo,.rk of 
peristalsis mr in the degree to which they .stimulate the general metab- 
olism. One .can hardly doubt that the latter is the chief cause and is 
.'naturally 'incHned To associate it with thC' higher' percentage of p,rotein 
in the Ieg,umes,' That other 'causes .may also, be operative, 'howeve..r, is' 
indicated .by the .result on maize stover, which is nearly as liigli as in the., 
"case of .alfalfa.'.and shows a similar 'distribution among the several factors. * 

'Among the . concentrates there may be 'noted particularly the marked' 
effect Qf;'''mai,ze'in ..both' the two.'not''' very' satisfactory ,expe.ri.meiits in 
no.ticeably' increasing' the , standing metabolism. This result is ■ of , special 
vintetest .in'^view of' Zuntz.'and.'Hagemann^s observ'ations. (52, ,p. .259), oH' 
the stimulating effect, of maize upon'- the.' metabolism' of the , horse, "which' 
''were' al'so^ made', on the'- standing, animal, although "no increase 'in, -the,', 
"minor nitisculat„'"activity, is 'reported.;' Grain mixture 'Mo,.' i, containing: 
43 per cent of maize meal, likewise showed a similar effect, although 
with grain mixture No. 2, containing, 60 per cent of maize, it was much 
'less marked, possibly on account, of the lower content of protein (12.5 
as compared with 17*5 per cent).., Theincreases caused by wheat bran 
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and by hominy chop, on the other hand, appear to have affected chiefly 
the metabolism of the animal when lying. 

INDIVIDUAI, DII^F^R^NCnS 

Attention was called on pages’ 460-461. to the existence of individual 
differences in the effect of the feed on the ratio of the standing to the lying' 
metabolism. These differences seem in some instances to extend also 
to other factors of the total heat increment. While the single results 
are more or less variable, this fact seems to be brought out clearly in the 
averages. The most striking example is afforded by the animals A and 
B in experiments 190, 200, and 207, for which the following averages 
may be computed, showing the heat increments per kilogram of feed to 
have been distinctly greater with steer B than with steer A. This is, 
of course, the converse of the conclusion recorded in an earlier publica- 
tion (10). 


Average heat increments of steers A and B per kilogram of dry matter 






Distribution. 


Feeding stuff. 

Animal. 

No. 

Total in- 
crement. 

Standing 
12 hours. 

Rising 
and lying 
down. 

Methane 

fermenta- 

tion. 

^ Remain- 
der. 

Timothy hay 


Calories. 

717 

Calories. ' 
113 j 

Calories. 

6 

Calories, 

139 

Calories* 

459 


I B 

890 

183 i 

4 

120 

577 

Timothy hay and wheat bran. . 


I, 066 

84 

0 

140 

§42 


IB. 

I, 288 

lOI 

—I''! 

144 

1, 044 

764 

Timothy hay and grain mix- 

1 ^ 1 


296 

' 7 ' 1 

156 

ture, No. I. 

t B 1 

1 

I; 430 

367 

I 

164 

898 


« No such distinct differences were observed between the other animals, 
which, however, were all of similar type. While steers C, E, and F 
showed an increased effect upon the standing metabolism in the order 
named the difference in the metabolism of the animals when lying 
shows on the average an approximately equivalent decrease, so that 
no material difference in the total effect resulted. 

. ; SUMMARY- - 

Tables X and XI include the results of all of our experiments which 
have been so far computed as to permit their discussion. In seeking to 
derive from the recorded results for the increased energy expenditure 
consequent upon the consumption of certain feeding stuffs general 
averages which may , with the reservations made on previous pages, afford 
a 'basis' for estimating' the., energy values of classes of feeding ''Stuffs and' of , 
mixed rations, a certain degree of freedom of choice and the exercise 
of ',the''judgment of the' experimenters' seems warranted. Of our results, 
bhose nn''' clover ' hay to us particularly ques- 

tionable. '' 'In.'One 'period the animal -'did not lie down during the entire 
: '48 .''hours, ..'while, ..in two other .periods the'. time .'spent in lying was much 
'.■',.lesS':'„ than, normal. '-Furthermore, . there was a considerable difference 
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between the observed and the computed heat proditction in four' out of 
six periods, although it is true that this difference was not relatively 
greater than in experiment 190. Whether these facts are in any degree 
responsible for what seem abnormally low results and for the very large 
proportion of the heat, increment apparently due to stimulation of the 
standing metabolism, it is liard to say, but the results differ so widely 
from all the others that we feel justified in rejecting them, pending other 
experiments, particularly since the total incremeiit observed in experi- 
inent 179 agrees' very wdl with that computed on page 478 from Kellner's' 
'experiments. Experiment 212 fails to show any significant di'llereiice 
between alfalfa hay and alfalfa 'meal, and the two have been averaged 
together. In the case of maize meal it is difficult to decide which, if 

either, of the discordant results is 'worthy of most credit. The figure 

of only 393 Calories' per kilogram for the^ increase of the metabolism 

of the animal wdien lying, however, seems so' low that we are incli,iied 

to attach greater weight to the later experiment. For grain mixture 
No, 2 we have used the results computed from periods i and 2 in the 
.belief that the ■ heat p,roductio:n in period 3 was rende,red abnormally 
high by thC' restlessness of the animals, owing to the small bulk of their 
ration (compare p* 461), although, the difference, is scarcely signi'ficant. 

,,In the'Mdckeni experiments Kellner's results on heavy rations of starch 
appear to be abnormal in that the methane production was not increased, 
while much starch escaped dige.stion. Kuhn’s results were obtained on 
rations of coarse fodder and starch alone with a nutritive ratio of about 
I : 20, or even wider— i. e., under conditions seldom or never realized in 
practice. Kellner’s average for medium rations, therefore, would 
appear to correspond most nearly to normal conditions. The results on 
peanut oil were irregular in several respects, but the re jection of the very 
high result with ox D seems justified. Of the computed results of Kell- 
ner’s experiments, as given on page 478, those for the oil meals seem un- 
questionably too low and have been rejected. 

On the foregoing assumptions we have formulated the following 
averages for the total energy expenditure resulting from the consumption 
of I kg. of the dry matter of the feeds named. It may not be su}>erflu0us 
to ■ call attention again to the fact that these figures' are, simply, .general 
averages,, derived in 'some instances 'from 'quite discordant 'single'' results, 
and' that, as both ourown and'the'Mdckem experime'.nts show, they, are 
subject to,', very .considerable, variations' in individual cases. ■ 


Ammge energy expenditure per kilogram of dry matter mten 


COARS:J5 rODDJeES, 


Calones. 

Timothy .hay." .. , , . '. , ... . . . ,782 

:Eed:'€ioyer'h'ay.,',. '. , . 962 

'Mixed.'ha'y.'.,..', ... . ^ 980 

Alfalfa hay. v. . x, 169 

'."'Gra^' hay . ,T',''045 

IRowen. ... ' '95,8- 

:'M<eadow hay. .... . .... ... . . .>> 

Maize stover 1, 065 

Barley straw 877 

Oat straw 1,014 

"Whe,at: straw,.',.'.:...'.'. : 'x,.: 138.' 

Extrac.t,ed.,s''traw..;...... . ,.,'Xj;',x,60' 

Clover '.hay 


C'ONCENT'RAtns 


" 'Calories. 

Mam-'meaL ., . . , .■ "i, 434 

Hominy .'.c.hop,.' ....... . 'i, 365 

Wheat bran. ,. . '. ., . , . , ■ , .1, 177 

Grain 'mixture No., x. '..,. . ...... 

Grain mixture .No. 2 ... . . . . ,. . .'. '" i", '.■i4'i 

Beet molasses, ■ ,■ '"988 
Stareh. ....... .■ 'i,,'248 

Peanut oil . 727' 

.Wheat gluten. 2,294 
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III, nbt energy values and their computation 

The method of estimating the nutritive values of the feeding stuffs 
consumed by farm animals which has been current for many years may 
from one point of view be characterized in a broad way as a chemical 
method. On the basis of the fundamental investigations of Henneberg 
and Stohmann (21, 22) in the early sixties, it sought to determine the 
amounts of protein, carbohydrates, and fat contained in feeding 
stuffs in a digestible form, assuming that the groups thus determined 
had the same physiological values in the nutrition of herbivora as had the 
corresponding substances in the food of man and carnivora. It is a 
well-recognized fact, however, that our information regarding both the 
qualitative and quantitative composition of feeding stuffs is even yet 
very meager. Moreover, our knowledge of the physiological functions 
of their ingredients is even more defective, so that, as Kellner (24, p. 15) 
points out, the advances in our knowledge of the chemistry of plants have 
not led to a corresponding increase in our knowledge of their nutritive 
values and have left the methods for the analysis of feeding stuffs largely 
untouched. 

Kellner appears to have been the first to attempt any practical appli- 
cation of the conception of the feed as a source of energy to the body. 
In 1880, in his investigations upon the relations between muscular activity 
and metabolism in the horse (23), he determined the additional amount 
of work which the animal was able to perform as a result of the addition 
to his rations of starch and of fat. He expressed his results in terms of 
the percentage of the energy of the starch or fat which was recovered as 
useful work and called attention to the desirability of determinations of 
the heats of combustion of nutrients and feeding stuffs. Sixteen years 
later, after Rubner (40, 41) had published his fundamental work on the 
replacement values of nutrients and Ziintz and his associates (30, 54) had 
begun their investigations on the metabolism of the horse from the stand- 
point of energy, Kellnenwas able to return to the subject and undertake 
those extensive investigations with cattle (cited on previous pages) upon 
which he based his well-known method of comparing feeding stuffs on the 
basis of their so-called starch values. These are in reality energy values, 
and, so far as they are the results of direct determinations, they were 
obtained by substantially the same general experimental methods used 
in our own investigations, although direct determinations of the heat 
production were not included. 

: r values ' DIRECTLY determined^ ^ 

The net energy value of a feeding stuff, as stated in the introductory 
paragraphs, is the energy which remains after deducting from its total 
/chenncal; energy :.;the'vtwo'':classes,^'Ofdosses^': which have'' been,'' ''discussed" 'itt'; 
the' first two ' sections, of :bhis,''article---v'iz;,^ the '.losses' of ;>cbemical'ener^^^ 

'78745“— IS— 4.; ■ 
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between the observed and the computed heat production in four out of 
six periods,., although it is true that this difference was riot relatively 
greater than in experiment 190. Whether these facts are in any degree 
responsible for what seem abnormally low results and foi' the very large 
proportion of the heat increment apparently due to ' stiniulatioii of the 
standing' metabolism, it is hard to say, 'but .the results differ $0 widely 
..from all the others that we feel justified in rejecting them, pending other 
experiments, particularly since 'the total increment observed in experi- 
ment 179 agrees very well with that comp.uted on page 478 from Kellner’s 
experiments. " Experiment 2'i2 "fa.ils to show any signi.iicant 'di:fference 
between alfalfa hay and alfalfa meal, and' the two have hem averaged 
together. ■ In the case of maize meal it is difficult to decide which, if 
either, , of the discordant results is worthy of most credit. The figure 
of only 393 Calories per kilogram for the increase of the metaboiism 
of the animal when lying, however, seems so low that we are inclined 
to attach greater weight to the later experiment. For grain mixture 
No. 2 we have used the results computed from periods i and 2 in the 
belief that the heat production in period 3 was rendered abnormally 
high by the restlessness of the animals, owing to the small bulk of their 
ration (compare p. 461), although the difference is scarcely significant. 

, In the.Mockern experiments Kellner’s results on heavy rations of Starch 
appear to be abnormal in that the methane production was not increased, 
while much starch escaped digestion. Kiihn’s results were obtained on 
rations of coarse fodder and starch alone with a nutritive ratio of about 
I : 20, or even wider— i. e., under conditions seldom or never realized in 
practice. Kellner’s average for medium rations, therefore, would 
appear to correspond most nearly to normal conditions. The results on 
peanut oil were irregular in several respects, but the rejection of the very 
high result with ox D seems justified. Of the computed results of Kell- 
ner’s experiments, as given on page 478, those for the oil meals seem un- 
questionably too low and have been rejected. 

On the foregoing assumptions we have formulated the following 
averages for the total energy expenditure resulting from the consumption 
of I kg. of the dry matter of the feeds named. It may not be superfluous 
to call attention again to the fact that these figures are 'simply general 
averages, derived in some instances, from quite discordant ' single results, 
and that, as both our o.wn.and the Mockern experiments .'Show, .they are 
. subject to very, considerable variations in individual cases. ', ' '' 4 '■ 


Average energy expenditure per kilogram of dry maiter eaten 


,, coAxsn r'onmjRS 

Timotliy.'liay, . . . . . . 

■Red 'clover hay. ' . . 

Mixed 'hay. .■. ". 

ihalk'hay. 

'""‘Grass hay*'. ,.■. . 
Rowen';.',. . , . 

:MeadoW''liay."-. . 

Maize stover.;. .> ,' . , 

"Barley'' straw.' . .' ;■ 
Qat'Straw,;. 

''Wlieatstraw'.',.. 

Extracted', straw'." , . . ,■ ■. ' '.■ 
.'Clover hay.:".'' 


Calories. 
782 
962 
980 
. 1, 169 
. I, Q4S 

■ 958 

• I. 254 

■ 1,^5 

. 877 

. 1, 014 

• 1,138 

. I, 160 

■ 933 


, CONCKNXRATSS 

Maize meal .. 

■'Homm.y chop, ' , ' . . .' 
Wheat bran. 

.Grain '.mixture No. i ', 
Grain' mixture No, 2. . 

Beet molasses. 

Starch.,..,.. 

.Peanut oil .... ,. . .,. . 
Wheat .gluteU'. 


Calorics. 

•'■.1434 

'13^5 

... 1,1,77 

"1 3,37. 
.,'X, 14X 
.7 '988 
1, 248 
,,.1,727 
. .2,294, 
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IIL , NBT mUROY VALUF.S AND TmiR COMPUTATION 

The method of estimating the nutritive values of the feeding stuffs 
consumed by farm animals which has been current for many years may 
from one point of view be characterized in a broad way as a chemical 
method. On the basis of the fundamental investigations of Plenneberg 
and Stohmann (21, 23) in the early sixties, it sought to determine the 
amounts of protein, carbohydrates, and fat contained in feeding 
stuffs in a digestible form, assuming that the groups thus determined 
had the same physiological values in the nutrition of herbivora as had the 
corresponding substances in the food of man and carnivora. It is a 
well- recognized fact, however, that our information regarding both the 
qualitative and quantitative composition of feeding stuffs is even yet 
very meager. Moreover, our knowledge of the physiological functions 
of their ingredients is even more defective, so that, as Kellner (24, p. 1 5) 
points out, the advances in our knowledge of the chemistry of plants have 
not led to a corresponding increase in our knowledge of their nutritive 
values and have left the methods for the analysis of feeding stuffs largely 
untouched. 

Kellner appears to have been the first to attempt any practical appli- 
cation of the conception of the feed as a source of energy to the body. 
In 1880, in his investigations upon the relations between muscular activity 
and metabolism in the horse (23), he determined the additional amount 
of work which the animal was able to perform as a result of the addition 
to his rations of starch and of fat. tie expressed his results in terms of 
the percentage of the energy of the starch or fat which was recovered as 
useful work and called attention to the desirability of determinations of 
the heats of combustion of nutrients and feeding stuffs, Sixteen years 
later, after Rubner (40, 41) had published his fundamental work on the 
replacement values of nutrients and Zuntz and his associates (30, 54) had 
begun their investigations on the metabolism of the horse from the stand- 
point of energy, Kellner* was able to return to the subject and undertake 
those extensive investigations with cattle (cited on previous pages) upon 
which he based his well-known method of comparing feeding stuffs on the 
basis of their so-called starch values. These are in reality energy values, 
and, so farms they are the. results' of direct determinations, they were" 
obtained by substantially the same general experimental methods used 
in our own investigations, although direct determinations of the heat 
production "' were . not , included.' 

VALUERS DIRHCTUY Dl^TE^RMINno ' " ■ 

The net energy value of a feeding stuff, as stated in the introductory 
paragraphs, is the energy which remains after deducting from its total 
chemical energy the" two classes of losses which' have; been' 'discussed.' i'li''" 
the ; first:.:;, two ".sections.': of ." this article--— viz.,. ■„ the.' looses of chemical energy 

. ' 78745'''*— 15— 4 : ' ' " ' ' ' 



484 


Journal of Agricultural Research 


Vol. in, No, 6 


in the excreta and the increased heat production co:nsec|itent ttpori the 
coiisuinptioii of the feed. For example, the alfalfa hajr coiistimed by 
steer E in experiment 208 contained per kilogram of dry matter 4,408 
Calories of chemical energy. From the results reported in TablcvS III 
and X its net energy value, computed from the average results of periods 
4, 5, and '6, is as follows: 


Nei energy value of alfalfa hay per kilogram of dry maMcr 

Calories. Calories. Calories. 
4 ? 

2,063 
243 
266 


Total ' 2>57r 

Increased beat production ' i, 203 

Total losses ' 3 ? 773 

Net energy value , . . . 635 


Computed in practically this way, by subtracting from the' gross 
energy the average losses of chemical energy recorded in Table IV and 
the average energy expenditure consequent upon the consumption of 
the feeding stuff as given on page 482, the average net energy values of 
the feeding stuffs used in these experiments are as follows: 

Net energy values of feeding skiffs per kilogram of dry niaiter 


Feeding stuff 


Timotliy hay 

Red clover hay . . 

Mixed 'hay,'. . 

Alfalfa hay , , 

Maize sto ver . 
Mai'ze meal. . . . 
Wheat bran. .. , 
Crain mixture ' No . ■ i 
.Crain' mixture' No'. 2 
Hominy chop 


« Includes alfalfa meal. 

Kellner’s results when put into the same form are as follows; 


Gross 

energy. 


Calories, 

4. S18 
4,463 
4,393 
4,372 
4,33a 
4, 44a 
4,532 

4,685 
4, 609 
4, 709 


Losses of 
diemical 
energy. 


Calories* 
2 , 664 
2, 461 
»?479 
2,452: 

2,380 
1, 1x5 
:2,02i' 

r, 621 
X, 620 
', 1,1%' 


‘Energy 
<*xperided 
in feed 
'Coiwnmp*. 
tion. 

'Net ' 
energy 
values. 

Calories, 

(L'dorm* 

78a 

' 1,073 

962 

1,039 

' 980 

934 

t, 169 

753 

1,06 s 

887 

1,434 

. %3 

1,177 

" b 334 

1,327 

' h 737 , 

1,141 

I S48 

^,365 

/ ''3,157 


Total chemical energy . . . . 
Tosses of chemical energy; 

In feces 

In urine 

In methane 
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Net energy values of feeding stuffs per kilogram of dry matter: Kellner^ s results 


Feeding .stuff. 


Gross 

energy. 


Fosses of 
chemical 
energy. 


Energy 
expended 
in feed 
consump- 
tion. 


Net 

energy 

values. 


Calories. 


Calories. 


Calories. 


Calories. 


Meadow liay.. . . . 

Oat straw. 

Wheat straw . . . 
Extracted straw. 
'‘Crass hay’’ «. 


4,433 
4,436 
4 , 444 
4, 147 


2j 260 

2j8zt8 

3,062 

1,013 


1, 254 

1, 014 
1, 138 
1, 160 

1,045 


919 

574 

244 

1,974 

803 


Rowen 


Barley straw 
Clover liay . . 

Starch 

Peanut oil 

Wheat gluten . 
Beet molasses . 


4,152 

9,457 

5.579 

3,743 


I, roi 
4,165 
^,974 

945 


958 

877 

932 

1, 248 
1, 727 
2 , 096 
988 


747 
747 
812: 
r , 803 

3,565 


I, 509 

1, 810 


0- As estimated on page 47S. 


Very striking is the relatively low value for alfalfa hay, due in part to 
somewhat large losses in the excreta but chiefly to its marked effect in 
stimulating the metabolism. It is needless to add that this loss does not 
affect its special value as a source of protein, but as a source of energy it 
appears to have been distinctly inferior to timothy hay or even to maize 
stover. 

APPWCATION OF RESUFl'S TO OTHER FEEDING STUFFS 

It is obviously impracticable to apply the laborious methods of respi- 
ration and calorimeter experiments to all the vast number of feeding 
stuffs now in use. It is necessary to select a few typical representatives 
of different groups and to endeavor to apply the results obtained as 
well as possible to other similar materials. This Kellner so^u^^ 
in his later and as yet unpublished experiments. In the practical appli- 
cation of his results, however, Kellner failed to free himself from the 
older point of view. Aside from what seems to us the imfortunate and 
unnecessary concession to established usage involved in expressing energy 
values in terms of matter, he approached the whole problem, as was 
quite natural, along the lines of the prevailing chemical methods. Deter- 
mining”' first the net energy ' values ' of ' the simple nutrients, he 'applied 
these values to the digestible nutrients of feeding stuffs and found that 
in most cases the resulting energy values were materially higher than 
those obtained by direct experiments on animals. In the case of coarse 
fodders this deficit in the observed energy values was found to be approxi- 
mately proportional to the total content of crude fiber, and by subtracting 
from the computed energy valueT'.36'Galories per gram'' of total crude fiber 
results were obtained corresponding fairly well to those directly observed. 
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For finer materials like chaff, presumably requiring a less ex|}caidiii!re for 
mastication, 0.70 Calorie per gram of total crude fiber is dcdiicie.d. For 
green forage containing 16 per cent or more of crude fiber ■ the same 
clediictioii is made as for dry forage and for that coiit,j.u!'ii.ng 4 per cent or 
less of crude' liber, the same as for chaff, while between i,licsc limits a 
sliding .scale.' is used (24, 1905, p. 593-594)* For co.uce!!tn'ites a factor 
(Wertigkeit) ivS estimated from the direct results on siniikir t\'‘e(is l;)y 
which the energy value computed from the digesiil)le nulrierits is iiiidti™ 
plied to obtain the actual value. 

The method of computation just outlined is not only soi,nevvliat com- 
plicated but is essentially based -on the older view whicli regarded the 
feed in the light of a source of matter to the body. Tiie digestilile |)rO'- 
tein, carbohydrates, and fat are still the basis of the calculation, althougli 
certain more or less empirical corrections are applied to tlieir coin|;)uied 
effects.' ' ThC' energy content of a feeding stuff, however, is just as definite 
a quantity as its content of protein, carbohydrates, or fats, and it is 
enti, rely possible/ to trace the distribution of tliat- e,iiergy in ttic body 
quite independently of any knowledge of the chemical compositio,n of 
the materials. , Not only so, but we believe that in disciissiiig energy 
values there are distinct advantages as regards siniplicity, and perhaps 
also as. regards accuracy', in cutting loose.. entirely from tl:ie ecu.! vent ioiial 
data' regarding chemical compos.ition and digestion coefficients, as has 
been done in reporting our experiments on preceding pages, and in dealing 
directly with quantities of energy. 

".. In /making this statement we would by no means be i.mde.rstOGd to 
-stigmatize comparisons based on chemical methods as either va'liieless 
or superfluous. The problems of nutrition are t',oo cotiiplex and too 
difficult. for us. to refuse any light that can be tlirown o.n.'t!icm f>y any 
method, ■ and', the energy relations touch -only one phase of them. The 
point is that in whatever degree their energetic aspects cati. be vSef'iarated 
from,.tlieir chemical aspects,' to That -extent we-'pessess two ittc:kq>endeiit 
methods of. approach to them. : 

COMPUTATION "■OF net .ENERGY" VAUJES . 

.' .The.computation from the results,' of' met.abolism e;x..perira'ents or from 
the- data , of ordinary feeding - tables in - the manner'' just - indicated ■ of .the 
/net energy ".value of ' a, feeding, stuff, which has .not" been 'the subject of 
direct .experimental' ■, investigation.' .with ''-'the respiration' apparatus or. 
" calorimeter.may be .made a, comparatively simple matter. '■ The'net''e,nergy' 
value.'isequalto, the, metabolizable. energy'-mintis the energy lost as heat. 
It w'as. shown on' pages. 450-451 that : the metabolizable energy may be deter- 
mined experimentally ''■with',out''spe'ciaTdifficulty and with a good degree 
of .accuracy by means of the ordinary metabolism experiment in which 
.'the energy of the feed, feces, and urine is directly determined and that 
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of the methane' estimated from the amonnt of carbohydrates digested. 
When this is not practicable, it was further shown that the metabolizable 
energy may be^ estimated from the total digestible organic matter by the 
use of the factors given on pages 451-453. In one or other of these ways 
it is not dilficult to compute approximately the metabolizable energy of 
the more common feeding stuffs, while the subtraction from this of the 
average energy expenditure due to feed consumption will give the net 
energy value. To illustrate, E- W. Allen, ^ gives the following data for 
average alfalfa hay, oat straw, and wheat bi“an : 


Percentage of dry matter and digestible food ingredients of feeding stuffs 


Total dry matter 

Digestible: 

Protein 

Carbobydrates 

Fats. , — 

Total digestible, 


Alfalfa 

Oat 

Wheat 

hay. 

straw. 

bran. 

91. 6 

90. 8 

88. 5 

10. 58 

I. 20 

12. 01 

37 - 33 

38.64 

41.23 

1.38 

0. 76 

2. 87 

49.29 

40.. 60 

36. ii 


The sum of the digestible protein, carbohydrates, and fat equals, of 
course, the total digestible organic matter, irrespective of its chemical 
composition. Each gram of digestible organic matter, according to the 
averages on pages 451-453, would contain 3.5 Calories, of metabolizable 
energy in the coarse fodders and 3.9 Calories in the bran. The average 
losses of energy in heat production per kilogram of feed would be the 
amounts shown on page 482 reduced to the average water content of 
the feed, as follows: 


Alfalfa hay — .... , . . . . — i,i69Xo.9i6=si,o7i Calories. 

Oat straw — 1,014 Xo*9o8= 921 Calaries, 

Wheat'bran. . — . . . . ... ........ .'i, 13.8 Xo. 885 ==.1,007. Calories, 


The computation of the net energy values is therefore as follows: 

Alfalfa hay (3.5 Calories X493. 9)— 1,071 Calories=654 Calories per kilogram =29. 7 T. 
per 100 pounds. 

Oat straw (3.5 CaloriesX4o6,o)— 92X Calories=5oo Calories per kilogram«22.7 T. 
per 100 pounds. 

Wheat bran (3.9 Calories X 561.1) — 1,007 Calories=i,i8x Calories per kilogram=53.6 T. 
per X 00 ' pounds. ' ■ 

The methods of computation just illustrated are perhaps open to the 
charge of being to a degree summary and empirical. The idea of basing 
such computations on the energy values of the single ingredients may 
be fundamentally more scientific, but unfortunately at present it is 
an impracticable ideal on account of our deficient knowledge of the 
chemistry of feeding stuffs and of the physiological values of their in- 
gredients. While investigation along both these lines Is highly important 
and desirable, yet for a long time to come the data on which to base the 
practice of stock feeding will have to be obtained by more direct even 

.' Allen, W., The feeding of 'faira animals. U.:S. Agr. .Farmers' Bui. 22 (rev,), p. 8'-9. 1901, 
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if less fundamental methods. Kellner’s scheme recognizes this fact and 
his deduction for crude fiber and his factors for relative values (Wertig- 
keit) are at bottom simply a method of applying the aggregate , net " 
xesults on typical feeding stuffs to other materials. ' The method here : 
proposed seeks to do exactly the same thing more directly and simply,, 
relating the energy content and the necessary deductions to the total 
dry matter or total digestible matter of the feeding stuff, independently 
of its chemical composition. It is true’ that the data for so doing are, 
somewhat meager, but, except as Kellner has utilized unpublished data 
in the formulation of his tables, they are just as abundant in the one 
case as in the other. It is greatly to be regretted that Kellner's results 
have not yet been published in full. When they become available they 
will doubtless greatly broaden the basis for such computations. 

SUMMARY 

There are reported the results of 76 experiments with the respiration 
calorimeter upon nine steers in which the balance of matter and of 
energy was determined. 

The losses of feed energy from the animal are of two classes: (i) 
Tosses of unused chemical energy in the feces, urine, and methane; and 
(2) losses in the form of heat due to the increased metabolism consequent 
upon the ingestion of feed. 

(i) hossBs 0^ CHEMiGAn ENERGY. — ^The losses of energy in methane 
and urine were relatively greater on light than on moderately heavy 
rations. . 

Neither the losses of energy in the feces nor the total losses showed a 
distinct relation to the amount of feed consumed. 

Individual differences between animals had no very material influence 
on the losses of chemical energy. 

The losses of energy in methane may be computed approximately 
from the amount of total carbohydrates digested. 

The metabolizable energy per kilogram of digested organic matter 
showed but slight variations within the same class of feeding stuffs. 

' (2) Tosses; ge heat consequent ■ upon , peed consumption.— The 
heat production is notably greater during standing than during lying, 
and the difference is greater on heavy than on light rations. 

The increment of heat production during standing is affected by the 
individuality of the animal and by the kind of feed consumed. 

An approximate partial analysis of the heat production of the animal 
into'' 'its, principal f actors :is attempted.,, , 

The average energy expenditure consequent upon the consumption of 
1: kg. of dry matter is reported for ii different feeding stuffs. 

The expenditure of energy arising from the consumption of the coarse 
feeds is not on the whole materially greater than in the case of the con- 

Vcentrates.';''' '' 

The increased muscular work of the digestive organs appears to be a 
relatively small factor of the increased heat production, 

A scrub steer showed a somewhat greater increment of metabolism 
consequent upon feed consumption than did a pure-bred beef animal. 
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(3) Net energy vaeues. — A. summary of the average net energy 
values obtained in these experiments for ii different feeding stuffs is 
given. 

A simple method is outlined for computing net energy values, in the 
absence of direct determinations, from metabolism experiments or from 
the data of ordinary feeding tables. 


(1) 

(2) ■ 

( 3 ) ' 

( 4 ) - 

(5) ' 

( 6 ) 

( 7 ) 

( 8 ) 

( 9 )' 

(10) 

(xr) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 
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AIR AND WIND DISSEMINATION OF ASCOPORES OF 
TPIE CHESTNUT-BLIGHT FUNGUS . , 

By F. B. M. W. Gardner, and R. A, Stubhaltsr, Agents, Investigations in 

Forest Pathology , Bureau of Plant I ndtistry^ 

HISTORICAL INTRODUCTION 

Wind dissemination of the chestnut-blight fungus (Endoihia parasiiica 
(Murr.) And.) was first suggested by Murrill (13) ^ in 1906, although he 
apparently had only the pyciiospores in mind, as is shown by the follow- 
ing quotation: 

Later the fruiting pustules push up through the lenticels and give the bark a rough, 
warty appearance; and from these numerous yellowish-brown pustules millions of 
minute summer spores emerge from day to day in elongated reddish-brown masses to 
be disseminated by the wind and other agencies, such as insects, birds, squirrels, etc* 

A few years later, in a discussion of the means of spreading the disease, 
Hodson (9) says: 

Wind is probably the principal agency, but the spores are no doubt carried by ani- 
mals, birds, insects, and by shipment of infected material. 

He also cited some observations to substantiate the wind-dissemination 
theory, but it was not brought out clearly whether he had in mind the 
ascopores or the pycnospores only. A similar opinion is expressed by 
Mickleborough (12) a little later. After speaking of both the ascopores 
and the conidal, or summer, spores, he states: 

The minute spores are carried by the wind, on the feathers of birds, and the fur of 
squirrels. 

Referring to the spore horns, Mickleborough writes : 

These threads are dissolved and washed away by the rain and the spores are blown 
about by the wind. 

There are two possible ways in which pycnospores inight be dissem- 
inated by the wind: First, by the direct transport of spore horns or small 
fragments of these structures; second/ by the transport of dust particles 
bearing spores previously washed down by rains. 

Fulton (4) reports experiments which indicate that the former method 
of transport of pycnospores is of little importance in the spread of the 
disease. He concludes his discussion of this topic with the following 
staternent:;.' , 

It seems likely the detachment was largely of small bits of the tendrils made up of 
large ntsmbers of spores, and that these are too heavy to be caMed great distances; 

i The writers received valuable assistance in this ‘work from Mr. H. C. Walton, also ah agent. Investi- 
gations in Forest Pathology. 

^ Reference is made by number to " literature cited, " h- 525-526. 
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and suggests that under natural conditions infection may be spread sliort distances 
by the vnnd. 

The second possibility is brought out by Metcalf and Collins (ii), as 
may be noted in the following quotation: 

As both kinds of spores appear to be sticky, there is no evidence that they are trans- 
mitted by wind except where they may be washed down into the dust and so blown 
about with the • dust. 

While it has not yet been demonstrated that pycnospores are carried 
in this way, the tests of Heald and Gardner (7) on the longevity of pycno- 
spores in soil give added plausibility to the theory, since these spores were 
found to persist in the soil between periods of rain and were able to 
withstand complete desiccation in the laboratory for months. 

Attention was first directed to the strong probability of wind dissem- 
ination of ascopores by Rankin (14), who reported their forcible ex- 
pulsion. In a later report the same writer (15) makes the following 
statement: 

Under moist conditions the ascospores are shot forcibly out in the air where they 
can be caught up by the wind and carried for a considerable distance. Tlie speaker 
found ascopores being shot from mature pustules during every rainy period last sum- 
mer. * ^ ^ The question at once arises, Why could not these ascospores once shot 
into the air be carried long distances and, owing to their abundance, cause a large 
majority of the infection? 

After carrying out field experiments during the summer of 1912, 
Rankin (16.), referring to ascospores, says: 

They are shot out in vast numbers with every rain during the summer and are 
carried by the wind. 

Detailed field work on dissemination was carried out by Anderson (i ) 
and his assistants for the Pennsylvania Chestnut Tree Blight Commission 
(2). These publications confirm the statement of Rankin that expulsion 
of spores takes place only when the pustules are moist. The seasonal 
duration of shooting under natural conditions was not determined, as the 
field tests were confined to the month of August. Under artificial con- 
ditions in the laboratory, the time required for moistened bark bearing 
perithecia to begin the expulsion of spores was detennined, the shortest 
time recorded being three minutes. 

The duration of the shooting period following a rain was determined 
by artificial tests in either the field or laboratory, performed by soaking 
the specimens or drenching cankers with water. The maximum dura- 
tion recorded was five hours and two miniutes. While these tests under 
artificial conditions gave suggestive results, t hey were not necessarily a 
reliable indication of what would happen under natural conditions. 

It was also determined that bark kept constantly moistened continued 
to expel spores for a maximum, period of 25 days, and the point was 
emphasized that no Continuous rainy weather would be longer. The 
fact that ascospores expelled during a. rain would be washed down to 
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the ground without being carried any appreciable distance is not men- 
tioned. Since they germinate at once in rain water, the great bulk of 
such spores would be lost for anything but very local infections. The 
really important point would appear to be the length of time shooting 
continues after a rain ceases, for at that time the conditions of the atmos- 
phere would be such as to favor a wider dissemination. This question 
does not seem to have been satisfactorily answered. The data given on 
height and horizontal distance of projection, as well as the rate of expul- 
sion, certainly indicate the importance of wind transport of spores 
following rainy periods. 

The spore content of the air was studied by means of aspirator tests 
and exposure plates. In this work, carried out during dry weather, 
Anderson and his assistants failed to get positive results under natural 
conditions in the field. They report the use of over 100 exposure plates 
and tests of 500 liters of air without finding a single spore of the chestnut- 
blight fungus. Tests made of aspirated air and by exposure plates gave 
positive results, however, when the cankers were artificially drenched 
with water. Tor the aspirator tests the horizontal distances of the 
aspirator opening from the canker varied from 2 inches to 5 feet (?) and 
the maximum vertical distance was 22 feet. 

The tests made by exposing agar plates under artificial conditions in 
the field again pointed to the probability of wind dissemination, but one 
is forced to admit that they were not conclusive, since the conditions 
were so different from the natural in that the cankers were drenched 
with water artificially instead of waiting for a rain. The results with 
exposure plates may be summed up as follows: No spores of the chestnut- 
blight fungus were obtained under natural conditions in the field during 
dry weather; by the use of artificially drenched cankers spores were 
obtained at distances varying from i inch to 51 feet, with very few at 
the maximum distance. 

The final and most conclusive argument in favor of wind dissemination 
in the minds of the authors cited was afforded by inoculations made by 
offering an opportunity for wind-borne spores to be introduced into 
wounds. There is little doubt in the minds of the writers of this paper 
that infection did take place in the way claimed, but it should be pointed 
out that a covering of cotton would not prevent spores from being washed 
into the wounds by rains (6). A fairly compact mass of cotton has been 
shown to retain but few of the pycnospores present in water passing 
through it. It must therefore be admitted that, under the conditions 
of the experiments reported, infection by spores washed down by rains 
' wasone;of the possibilities.',''' 

It is interesting to note in this connection that Euttredge ( 10), 
result of field observations on the spread of the disease around a center 
;of infection,,', arrivesat theTollowingv conclusion: ' 

The location of infected trees in partially infected groups of sprouts shows that 
wind is not the prime factor in the distribution of the spores. 
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The aiitlior admitted, however, .that the observations reported were 
rather meager in support of this conclusion. 

PURPOSE AND . SCOPE OF PRESENT WORK 

Since most of the previous work on wind dissemination of the chest- 
nut-blight fungus which yielded positive results was done under artificial 
conditions, it was the aim of the present writers to study the problem 
under absolutely natural conditions. Briefly stated, the purpose of these 
tests was to determine whether or not, and if so, to what extent, wind ^ 
acts as an agent in dissemination of the spores of this fungus. It was 
also the object of the work herein recorded to ascertain at what particu- 
lar times under natural conditions spores of Endothia parasitica are preva- 
lent in the air, the possible distances transported by the wind, and the 
kind of spores (whether ascospores or pycnospores). 

The locality chosen in which to conduct our tests was a 4-acre plot of 
native chestnut {Castanea dentata) coppice near West Chester, Pa. The 
trees in this plot ranged from 4 to 8 inches in diameter and all were badly 
infected with the chestnut blight, many having already succumbed. 

In these tests, which covered a period of 36 consecutive days during 
August and September, 1913, four methods were employed in studying 
the points in question. To determine the prevalence of spores of En- 
dothia parasitica in the air at particular times and places a series of 756 
exposure plates was made. . The occurrence of ascospore expulsion was 
detected and its exact period of duration ascertained by the examina- 
tion of ascospore traps in the shape of object slides supported over peri- 
tbecial pustules on the trees. The number of spores present in the air 
was determined quantitatively by the aspirator method. Rather pro- 
longed exposures of water spore traps, consistingof sterile water in dishes, 
were made to secure additional information as to the kind of spores in the 
air, the periods of occurrence, and the distance transported. 

EXPOSURE-PEATE TESTS 

In testing the spore content of the air among diseased trees in the 
field for the presence of spores of Endothia parasitica the exposure of 
sterile poured plates of chestnut-bark agar proved to be the most satis- 
factory method. The use of chestnut-bark agar ^ was found advan- 
tageous, since this medium inhibits the development of bacterial colo- 
nies and retards the growth of rapid-growing fungi, spores of which are 

/ Fftlcfc has pointy out the iraportauce of co®ivectioU''curreuts m the disseinkiatiou of .ascospores. ,(,Faldc* 
Richard. liber die n^dtinf^tion' des -Hufterkoraes; .'{Claviceps .purpurea' TuL) ,'tmd, die .Verbreituug 
pflaazlicher lufektiouskrankheiten dutch Temperaturstrouiuugen. In Ztschr. Forst- u. Jagdw., Jahrg. 
4a» No. P< 203-#7; 4 19J1.) For this reasoa-we have used the word ‘"air” in the title of the present 
paper.- • ' 

® Chestnut-bark agar was made according to the following formula: Add 50 gm. of finely chopped or 
ground air-dry chestnut bark to 1,000 c. c. of distilled water and boil for 15 minutes. Filter through 
cheesecloth or absorbent cotton and add water to make up to x.ooo c. c. Add 15 gm. of agar and boil until 
the agar has melted; then cool to 60'' C. or under, clear with the whites of two eggs, filter, and sterilize in 
vtheautcNcIave.'"' ; " , 
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present in the air. At the same time the growth of E. parasitica oft this 
inedinm is vigorous and characteristic. ' ' 

As supports or stations on which to expose the plates, it was found con- 
venient and satisfactory to make use of the numerous large fiat-topped 
stumps scattered throughout the coppice stand of diseased trees.' To' 
facilitate the recording of data, all of the stumps used were numbered with 
crayon and carefully described and located with regard to surrounding 
trees (fig. i)." Here it may be mentioned, however, that other supports, 
such as the top rail of a fence or the top of a stake driven into the ground, 
were used in case of emergency attendant upon certain weather conditions. 



Fig. I. —Map of chestnut coppice growth at West Chester, Pa., in and near which the experiments on wind 
dissemmation of the chestnut-bKght fungus were carried out. 


The stumps, rails, and stakes used for this purpose were all of such an age 
or nature that they were entirely free from lesions of the chestnut blight. 

Under conditions of ordinary fair weather the routine followed in 
making the exposures was similar throughout the tests. were ex- 

posed at the rate of one about every half hour during the day, and the 
average length of exposure was about 5 minutes for each plate during the 
first 1 8 days. Then it was found advisable to lengthen the time of expo- 
sure, and thereafter lo minutes, more or less, was the usual time allowed. 
Wind direction determined what stations were utilized each day, since an 
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effort was tistially made to expose plates at stations where there were 
many diseased trees to the -windward. 



During wet weather the routine was often varied considerably, espe- 
cially just after the cessation of a rain. At such times plates were often 
exposed in more rapid succession, even to the extent of exposing several 
in different locations at about tlxe same time. 
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An anemometer was erected in the experimental plot, and from the 
successive readings of this instrument the wind velocities were computed. 
Continuous records of temperature were secured by means of a thermo- 
graph located in a standard instrument shelter near the plot, and by use 
of a rain gauge the exact rainfall in inches was determined. As com- 
plete data as possible were also secured relative to the exact duration of 
all rains. 

In describing and locating the stations used for exposure plates, meas- 
urements were made to the nearest diseased trees and to the nearest 
lesions, the horizontal distance being recorded. To supplement the de- 
scription, detailed topographic maps were made, showing the location of 
each station (figs, i and 2). 

The exposed plates were incubated at room temperature, and two rec- 
ords were usually taken. First, at the end of three days after exposure 
all fungous and bacterial colonies visible were marked and counted, and 
those suspected of being Endothia parasitica were especially noted. After 
six or seven days of incubation the final record on each plate was taken. 
This included the total number of fungi, the number of bacterial and yeast 
colonies, and the number of colonies of E. parasitica, if any were present. 
In case of doubt as to the identity of the latter, owing to crowding by 
other colonies, transfers were made to 3 per cent dextrose agar, on which 
medium the growth of this fungus is even more characteristic than on 
chestnut-bark agar. 

The results obtained in the exposure-plate tests are presented in a 
somewhat summarized form in Tables I and II. 


TabwS l.—S'mnmary of exposure-plate tests at West Chester , Pa. , in ipij, giving numher 

of fungous colonies caught 


Date of 
cultures. 

Num- 
' ber 
of 

plates 

ex- 

posed. 

Dength of 
exposure 
for each 
plate. 

Total 

time 

repre- 

sented. 

Rain- 

fall. 

Number of fungous 
colonies in any plate. 

Total 
number of 

Total 
ntunber 
of , 

colonies of 
Endothia 
parasitica.'. 

Maxi- 

mum. 

Hini- 

inum. 

fungous 

colonies. 



Mhmlcs. ' 

H. 

PI. 

Inches. 





Atig. 19 . . 

18 

5 

to 

6 

I 

39 

0. 40 

81 

' .3. 

33 '^ : 

" ' 1 

20.. 

22 

6 

to 10 

2 

19^4 

0 

■ 24 ' 

I 

227 

' 0 

. 21 . . 

19 

5 , 

to 

7 

I 

4 S >2 

0 

26 

0 

,'' '168 

' '6 

, 22 . 

20 


to 

7 K 

I 

44 

\ 

/ 3 o 

'. , 2, 

340 

' ' ,0 

23 - • 

25 

4 

to 

8 

2 

19 

>0. 25 

\ 28 

I ', 

' '' 256 

‘0 

'■24..: 

■ 17 

4 K to 

6 

I 

28X 

0 

47 

1 

' 206', 

'O' 

",.■25.,. 

19 1 

4 

to 

6 

I 

34 ^ 

0 

75. 

'■ ',' 5 "' 

419 

' ^ 

26,. 

20 

4 

to 

7 

I 

48X 

0 

, 9 S 

' ' ''3 

574 " 

' 0 


',,"',28 ' 

4 

to 

9 K 

2 

44>2 

0. 175 

70 

„ 4 '' 

446 

'■-'94 

- ■ 28.. 

;; 18- 

■ 4 ' 

to 

6K 

X 

3'2 ., ■ 

0 

20' 

2' 

, ' -196 

,■''0' 

29.. 

19 

4 

to 

5 ^^ 

'T 

30K 


/ si 

' '' ''''X' 

.■ 3 ^ 9 '': 

'■'■'''"O' 

30.. 

22/' 

5 

to 

6K 

I 

57X. 

10 

\ 146 

0 

363 

"0 

33c • ■ 

20 

4 

to 

7 

I 

48 

0 

32 

, , ^ , 

261 

I 

Sept. I . . 

19 

5 '. 

to 

6 K 

X 

44 

0 

12 

'X:' 

122 

0 

2 . . 

19 

4 

to 

6 

I 

'' 3 . 7 "':: 

0 

39 

3 

213 

0 

3 -- 

19 

5 

to.' 

6 K 

I 

37K 

. O'' . 

10 

I 

68 

2 


18 

S 



I 


p 

48 

5 

24s 

I 


18 

5 

to 

6 

'"1 

Sr 

0 

40 

0 

m 

1 
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Table I. — -Summary of exposure-plate tests atWest Chester , Pa., in ipij, giving number 
of fungous colonies caught — ^CoBtiniied 


Date of 
cultures. 

Num- 

ber 

of 

plates 

ex- 

posed. 

Length of 
exposure 
for each 
plate. 

Total 

time 

repre- 

sented. 

B-ain- 

fall. 

Number 
colonies in 

Maxi- 

mum. 

)f fungous 
any plate. 

Mini- 

mum. 

Total 
ntmiber of 
fungous 
colonies. 

Total 

mmiber 

of 

colonies of 
Endotliia 
parasitica. 



Minnies. 

H. 

m. 

Inches. 





Sept. 6. . 

18 

5 to 

ioj 4 

2 

14^ 

0 

6 

0 


0 

, 7 .- 
8. . 

19 

27 

7 to 

iH to 

iiK 

12 

3 

4 

16 

}o -37 

/ 

1 IS 

I 

I 

x86 

19s 

0 

9 

9. . 

iS 

6 to 


2 

23 

0 

31 

2 

194 

2 

10. 

18 

8 to 

iiM 

2 


0 

31 

0 

138 

0 

II. . 

18 

9K to 

uH 

3 

i 9 >< 

0 


0 

iiS 

0 

12. . 

18 

5 to 

14 

3 



I 41 

I 

121 

0 

13. . 

19 

7 to 

13 

3 

5 ^ 

i'O. 095 

1 73 

2 

332 

0 

14. . 

18 

9 to 

iiX 

3 

9 X 

0 

20 

2 

126 

0 

15. . 

18 

9K to 

II 

3 

6 

0 

20 

6 

202 

0 

16.. 

19 

9 Kto 

27 

3 

34M 

0 

28 

0 

251 

0 

17.,^ 

17 

gK to 

15H 

3 

13K 

>o- 26 

f 










S 1 

2 

221 

a 2 

iS.. 

28 

9 H to 

13K 

5 

isX 

J 

'1 

} 67 









24K 

S’O. 68 

\ 

I 

539 

55 

19.. 

26 

%0}4 to 

17 

5 

} 

\ 

> 400 







fo- 09 

{ 

I 

814 

7 

20. . 

28 

9K to 

18 

6 

13K 

J 

1 

} 23 









52K 

P 43 

\ 

I 

194 

90 

21.. 

25 

sKto 

20 

5 

<0. 10 • 
lo. 73 

i 160 

S 

1, 187 

160 

22.. 

36 

to 

30 

9 

5° 

r 

t 60 

0 

494 

2 

. 23 •• 

24 

12)4 to 

23 

6 

36 

0 

30 

0 

261 

0 


® From wind-blomi bark fragments. 


Table II . — Detailed record of all exposure plates in 'which spores of Endothia parasitica 

were caught at West Chester, Pa. 3 i"^ ^9^3 


Plate 

No. 

Bate of exposure. 

Rainfall. 

Time elapsed 
since cessation 
of rain. 

Length of 
exposure. 

Horizontal 
distance to 
nearest 
blight 
lesion. 

Number of 
spores of 
Endothia 
parasitica 
caught. 



Inches, 

D 

h. 

m. 

Minutes. 

Feet. 


4008 

A-ug- 19 ■ • 

0.4 


6+ 

0 

5 

at )4 

X 

4376 

Aug. 27 

.12 



42 

sVi 

4 K 

I 

4382 


. 12 


I 

44 

6 

isK 

3' 

43»3 


•OSS 



18 

6 % 

uK 

■ ..16 

4384 


* 055 



20 

6 

II 

2 X 

4385 


•05s 



22 

8 

25 

■ 33 

4386 

do. 

• 05s 



33 

5 

. 4 /^' 

20 

4460 

Atfg. 31. ■ 

T. 10 

I 

lo-f 

0 

' . 5 

a 2 

X 

4509 

Sept. 3.... . . 

I. 10 

5 

0 

0 


® 2 

2.' 

4529 

.■.Sept. 4. 

0 

H 

H 

.5 

0 

0 

■ .. 5 

a 2 

' I, 

4553 , 

Sept. 5. .......... ... 

I. 10 

6 

0 

0 

5 

a 2 

I 

4599 

Sept . 8 . . , ...... ... . . 

• 37 



0 

io>^ 

II y ' 

. 2 

4600 


■ ..b 37 . ■■ 


■ s..'. 

..I 

iiX 

■ '. '14 ■ 

■'J.. 

4602 

do 

>37 


5 

21 

' . .12"' ; 

■ Xi I ■ ' 

. I 

4606 


'■.'• 37 ' 


," 7 ' 

0 

9 .K 

a 2 

.'. ' I 

4609 

...'do 

•37 


8 

30 

■ , 12'. , 

a 1^4 

■'... ,."T 

'4610.:'' 

...do. ......... 

•37 


9 

0 

' 10' ''' 

^ 2^4 ' 

"■ .'X 

• 46 i 7 ':' 


•37 


13 

0 

8 

. :a 2 . 

I 

4619 

do.. 

•37 


14 

0 

9 

. a 2 ^ ' 

.X 

'■'::'462'6',' 

Seot. 0. 


I 

8 

. O' 

6 

. . .:£J. ».. . 

'X" 


y - • * * . . r 

... ■ ■•...■4/. 

' X 

8 

30 

zyi 

»4K 

X 


« Stumps more or less ovterkttng by diseased sprouts. 
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TabIvB II . — Detailed record of all exposure plates in which spores of Endothta parasitica 
were caught at West Chester, Pa., in — Continued 


Plate 

No, 

Date of exposure. 

Rainfall. 

Time elapsed 
since cessation 
of rain. 

Tength of 
exposure. 

Horizontal 
distance to 
nearest 
blight 
lesion. 

Number of 
spores of 
Endothia 
parasitica 
caught. 



Inches. 

D. h. 

m. 

Mimiies. 

Feet. 


4772 

Sept. 17 ; . . 

0. 095 

4 0 

0 

10 

“2K 

' ■ 1 

4784 


•09s 

4 0 

0 

loK 

a 2 

& I 

4787 

Sept. 18. 

. 26 

I 

51 

9 fi 

isX 

II 

4788 

do 

. 26 

I 

54 

10 

16 

16 

4789 

do 

. 26 

2 

0 

10 

4 K 

9 

4790 

do 

. 26 

2 

19 

13 

II 

4 

4791 

do 

. 26 

2 

35 

II 

7 

■ 5 

4792 

do. 

. 26 

2 

48 

II 


2 

4793 


. 26 

2 

54 

12 

“ 4 K 

2 

479 S 


. 26 

3 

25 

II 

isK 

2 

4796 

do 

. 26 

3 

34 

II 

^ 7 H 

I 

4797 


. 26 

3 

58 

loH 

16 

■ I 

5006 


. 26 

9 

14 

I3K 

^ I 

I 

5010 


. 26 

II 

19 

II 

a 2 

I 

5018 

Sept. 19 

.68 

I 

23 

iiX 

4 K 

2 

5020 

do 

.68 

2 

7 

I2>^ 

27 

I 

5027 

. . . . .do. 

.68 

6 

4 

II^ 

a 2 

1 

SO29 

. ... .do 

.68 

7 

8 

izj^ 

^5 

I 

5033 

do 

.68 

10 

5 

loK 

®5 

I 

5037 

do 

.68 

12 

7 


27 

I 

5041 

Sept. 20 

.09 

I 

55 

16 

217 

10 

5042 

do. 

.09 

2 

0 

13 

195 

1 ■ , ':7 

5043 

. . . . .do 

.09 

2 

I 

14 

no 

4 

5044 


.09 

2 

8 

12 % 

27 

22 

5045 


.09 

2 

19 

12 % 


II 

5046 

.do 

.09 

2 

23 

15 

180 

7 

5047 


.09 

'■ ■ 2 

25 


237 

10 

5048 


■ *09 

2 

45 


7 

6 

5^49 


. 09 

3 

12 

iiK 

II 

' 7 

5050 

. . , . .do. 

. 09 

3 

■37 ' 

13 

, 11' ■■ 

3 

5051 

.do'. ■ 

.09 

3 

45 


86 

1 

5052 


.09 

4 

29 

10 

4}^ 

'■ I 

5053 

.... .do. .. .. .. — , . 

.09 

5 

14 

i 3 >^ 

; ■' S V 

■ I 

5069 

Sept. 21. 

""'35 


0 

14X 

19 , 

12 

5070 


*35 


5 

loK 

17K 

' ■■ 20"' 

5071 


.08 


15 

20 

X 7 }i 

. ' '62 ; 

5072 

do 

,08 


17 

19 

19 , 

24. 

5073 i 

-do. 

.08 


44 ' 

13K 

if% 

, '29' 

5074 ^ 

.... .do 

.08 


56 

isX 

14 

I', 

5075 


.08 

I 

I 

12 

'■ 7 

; -2 

5087 


^ . 07 


20 

hK 

19 

' ''20 

S09S 

Sept. 22. 

•73 

6 

0 

16 ' 

■■ 77 ,:,,': 

" ' ^ 

5102 


•73 

6 

30 

^5 




« Stitmps more or less overhiting by diseased sprouts. ^ From fragments of bark. « Approximately, 


To supplement the tables, it may be well to give in chronological order 
a more detailed record of the actual routine pursued. 

A rain occurred the night previous to August 19, and examination of 
the ascospore traps (see “Ascospore-trap tests'*) showed that abundant 
expulsion of ascospores had occurred. But when the first plates were 
exposed too long a time had evidently intervened since the rain, as no 
positive results were obtained, e 3 ?eept that one colony of para- 

sitica developed in a plate expo^d in the early afternoon. 
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The next two days were fair, and as was expected for these weather con- 
ditions, no spores of this Endothia were caught. In the ei^eiiiiig of Aiigiist 
22 there was a rain of 0.25 inch; 6 plates, therefore, were exposed early 
the next morning before the sun had dried the vegetation. Although 
the ascospore traps gave evidence that expulsion had occurred, no posi- 
tive results were obtained, which is explained by the fact that again too 
long a time had elapsed after the rain ceased. 

Dry, hot weather now continued until the afternoon of August 27, and 
the exposure plates yielded no evidence of the presence of spores of Endo- 
ihia parasitica in the air. In the afternoon of August 27, how^ever, two 
thunder storms occurred, in consequence of which the regular routine 
was departed from. Tables II and III show the outcome of the tests of 
this date. After the first storm two sets of plates were exposed in the 
course of an hour and a half . Two out of the second set yielded colonies 
of E. parasitica. Since the ascospore-trap tests (Tables X and XVII) did 
not give evidences of expulsion occurring when the first five plates were 
exposed, negative results were -to be expected in those plates, and it is 
not surprising that only two out of the second set of seven plates yielded 
colonies of E, parasitica when the 19 ascospore traps examined for this 
particular period showed evidence of expulsion from only one peritliecium. 
The meagemess of these results is partially accounted for by the small 
amount of rain, rapid drying, and the fact that the perithecia had hardly 
been wet a sufficient length of time. 

Tabi^E 111 ,— Record of exposure plates made on August 2p, ipij, at West Chester ^ Pa. 


BSIfORB RAIN. 


Plate 
; No. ■ 

y,| 

' mme. ' ' ' 

length of 
exposure. 

Station 
'.No. . 

■■ ■ Wind. 1 

Number of 
bacteria 
and 
yeasts. 

Total 
number 
of fungi. 

Number of 
colonies of 
Endotliia 
parasitica. 

Birection.j 

Miles per j 
hour. 

I 


M inntes. 


1 



|_ — 


4359 

8.35a. m..... 

4 

I 

sw. 

I. 6 

2 

7 

0 

4360 

9.09 a. Ill 

5 

3 

sw. 

I. 6 

1 

8 

0 

4361 

9.32 a. m. . . . 

5 ■ 

I 

sw. 

I. 6 

I 

6 

0 

4362 

10.03 a. m. ... 

5 

13 

sw. 

I. 6 

0 

6 

0 

4363 

10.29 a. 111. . . . 

6 

14 

sw. 

I. 6 

I 

,7 

0 

4364 

10.57 a. m. . . . 


3 

w. 

1.6 

3 

9 

0 

436s 

11.34 a. 'm. . , .1 

■ S >2 \ 

. I . 

w. 

1*7 

", 2 ! 

^9 

0' 

4366 

11.57 a.,m- . ■ . 

5 , j 

I 

w. 

X. 7 : 

0 

15 

0 

4367 

1.16 p. m. . . ... 

5 i 

I 

w. 

X. 7 

0 

22 

0 

4368 

1.39 p, m. ... . 

'5 

13 

w. 

I. 7 

0 

33 

■ O' 

4369 

2.09 p. in. 

■ sK 

13 

w. 

■' , I- 7 

, „ I 

13 

O' 

4370 

2.45 p- m, , 


3 

w. 

1-7 

X 

7 

0 


RaMN KO. I (o.ia lNCHi 3.151:0 3.2a P. M.) 


, 4371 ", 

,:: 3 . 48 p.',iii..,. .. 

, ,7 

' ' 

w. 

2.4 

1 '' 

, , 12 

'0 

■4372 



15 

W. 

" ,' 2. 4 " 

0 

10 

0 

4373 

, 3 . 49 ,p.,rn.... . 

6-J 

13 

W. 

2. 4 

0 

', 17,' 

■' 0 

4374 

3 . 4 Sp.:m... . 

(‘H 

I' . 

.' :w . " 

2.4, 

, 0 

' 3 ^' 

0 

:''4375 

3 .Si,p.'m..,. . 

'1 . 

8 

w. 

2. 4 

0 

' 9 

' 0 

4376 



6 


Trace. 

■ ■ 0 

' ' 7 

', 'X 

4377 ' 

'4.,I2''p.'IIl', . . 

m 

' ii,"i 

w. 

Trace. 

' ,' 0 


' ''' 0 

4378 j 



■ ' '3 . 

w. 

; Trace., ', 


'' rS; 

',,'0 

4379 

■' 4.i5,p.Tii, i 

" S' : 

16 

" M, , ' ■ 

Trace. 

', O'' 


O' 

4380 

':, 4 .X 7 ,p,.,.m, 

'."■''."".Si' 

^ H ■ 

-w: 

/Trace,.:" 



0 

4381 

' 44 o''p.''iii.,"'.,''. 7 ; 

4 



''Trace''^.,'' 

:o' 


,':0 

4382 


'./yb, 


w. 

".'Tr^ey"" 

■■ 
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Tabl:^ III . — Record of exposure plates made on August 27, jpij, at West ' Chester^ 

Pa . — ^Continued 

RAIN NO. 2 (o.oss INCH, S.35 TO 5.50 P. M.) 


Hate 

No. 


lycngtli of 
exposure. 

Station 

No. 

! Wind. 

Number of 
bacteria 
and 
yeasts. 

Total 

Number of 
colonies of 
Endothia 
parasitica. 

rime. 

Direction. 

Miles per 
hour. 

number 
of fungi. 

4383 

6.0S p. m. . . . . 

it/ inutes. 

6 K 

! .3 j 

NW. 

1 ' I. 2 

t ■ 0 

1 ' ' 3 ° 

16 

4384 

6,10 p. m 

6 

.11 

NW. 

■ I . '2 

0 

, 25 

21 

4385 

6.12 p. m 

8 

16 ! 

NW. 

I. 2 

2 

70 

. 33 ' 

4386 

6.23 p. m 

5 

6 

N. 

• 7 

0 

, 25 

20 


The second shower on August 27 took place late in the afternoon, and 
though the precipitation w’-as light, the cumulative effect of this rain upon 
that of the preceding one caused abundant expulsion of ascospores. The 
four plates exposed within about half an hour after this shower yielded 
colonies of E. parasitica in such numbers as to prove beyond doubt that 
the ascospores were at that time very prevalent in the air. The ascospore- 
trap tests for this period (Tables X and XVII) showed that, although out 
of the 14 examined only i bore any evidence of spore expulsion during 
the first 15 minutes after the cessation of the rain, 12 out of 14 showed 
expulsion of ascospores during the time in which the plate exposures were 
made. The sun had gone down, and the weather conditions following 
this storm were not conducive to the rapid drying of the bark. The results 
of this date were the first evidence secured which indicated beyond 
doubt that 2LSCospotts oi Endothia parasitica ntt disseminated by mnd 
under natural conditions. 

Buring the dry, hot weather of August 28 evidently no spores of Endothia 
parasitica were present in the air, nor were any detected on August 29. On 
this date the humidity was high and cloudiness prevailed, accompanied 
by traces of rain insufficient to cause ascospore expulsion. As there was 
a rainfall of 1,10 inches in the evening of August 29, several plates were 
exposed in rapid succession the next morning, but no spores were caught. 
This failure is attributed to the fact that once more too long a time had 
passed since the rain ceased, and spore expulsion, though probably abun- 
dant in the night, had no doubt ceased long before the fii"st exposures were 
made. Throughout the following week there was no rain, and no ascopore 
expulsion occurred at any time.' ■ 

Tor the night previous to September 8 a rainfall of 0.37 inch was 
recorded, the time of cessation being prior to x,30 a. m. The ascopore 
traps gave evidence of plentiful spore expulsion. Between 6.27 and 8 
a. m. eight exposures were made before the sun had dried the vegetation 
and while the bark was still wet in places. Three of these plates yielded 
colom&s'of Endothia parasitica^ and as two of them were exposed at sta- 
tions more or less in the open, it would seem that ascospores were at that 
time prevalent in the air to some extent. The third plate and also five 
others exposed at later intervals during the day each yielded one colony 
of E, parasitica. 

Of the plates exposed on September 9, a dry, hot day, two in the morn- 
ing also yielded one colony each of Brldcithia parasitica, Buring the dry 
weather of September 10 and ii negative results were obtained. 
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Clotidiness prevailed on September 12, with traces of rain insufficient to 
cause spore expulsion. In the night less than one- tenth of an inch of rain, 
fell, and subsequent examination of the ascospore traps showed that very 
light ascospore expulsion had occurred. Five plates were exposed before 
8 o’clock the next morning, but the bark was dry at the time and no 
spores were obtained in any of the plates exposed that clay. I'liree days 
of clear, hot weather followed, and no spores were caught. Of the plates 
exposed on September 17, two yielded one colony each of the fungus. 

Ill the evening of September 17 a series of rains began, occurring 
usually ill the night. Our most important positive results were obtained 
from tests made following these rains. Tables II and IV give the results 
of the plates exposed on September 18. Although the rain ceased before 
4 a. 111., a heavy fog prevailed in the early morning, there was only a trace 
of wind, and it w^as more or less cloudy all day. Because of these condi- 
tions the bark of the trees was slow in drying, and examination of the 
ascospore traps (Tables XI and XVII) showed that abundant spore 
expulsion had occurred in the night and was- vStill in progress while the 
first four exposure plates were made, A few of the traps gave evidences 
of the continuation of expulsion during the time in which the next 1 1 
plates were exposed. Six of these yielded colonies of Endothia parasitica 
in varying numbers, and two exposed much later in the day also showed 
one colony each. 


TABun IV . — Record of exposure plates made on Sepiefnber iSyZgiSt ai West Chester , Pa.^ 


1 



Wind. 

Number of 

Total 

Number of 

Time. 

I*ength of 
exposure. 

■ No. 

Direction. 

Miles per 
hour. 

bacteria 

and 

yeasts. 

number 
of fungi. 

colonie.s of 
Endothia 
parasitica. 


MimUes. 







4787 5,51 a. m. . . . 


3 

NW. 

Trace. 

4 

20 

II 

47S8 5.54^. m.... 

10 

15 

NW. 

Trace. 

6 

5S 

16 

4789 6.00 a.m.... 

10 

6 

NW. 

Trace. 

6 

39 

9 

4790 6.19 a. m. . . . 

13 

I 

NW. 

Trace. 


59 

■'4 

4791 6.3s a. m 

II 

II 

NW. 

Trace. 


67 

5 

4792 6.48 a. m . . . . 

II 

3 

NW. 

Trace. 

, I 

16 

2 

4793 6.54 a.m..,. 

12 

4 

NW. 

Trace. 


32 

2 

4794 , 7 .02 a. m . . . , 

loX 

16 

NW. 

Trace. 


23 

'0 

4795 7-25 a. m 

I,I 

''3 

NW. 

Trace, 

b) 

30 

2 

4796 7.34a. m.... . 

II 

T 3 

NW. 

0,4 

3 

S 

I 

4797 7-584. m 

xoH 

15 

W. 

, . .7 

8 

XI 

I 

4798 8.04 a. m. . . . . 

loH 

9 

W. 

• 7 

0 

2 

, 0 

4799 " . ^'^ 9 ' . 

10 

17 

W. 

• 7 

0 

I 

0 

5000' '9.20 a, m. . . . 

I 2 j 4 

I 

w. 

1. 1 

. 0 ' 

8 

■0 

5001 9.49 a. m. . . . 

II 

3 

w. 

1.8 

0 

■ 25 

,0 

■',,,5002'; 10.21' a. m.,.;. 


6 

w. 

2. 8 

S " 

10 

0 

''■5003' : '::ro.S4a,,'m. 

.'I2','., 

^5 

w. i 

“ 2. 8 

'■ I' 

■ . Ip' 

0 

,,5004'; ' ,i,T.,25,a. m;,.'. 


33 

W. 1 

,■,:'' 3--7 


""12 

' '0 

5005' "lx.sia. m... 

IlK 

3 

■ '. W. 

3 * 7 

3 

2:3 

' , I 

■ i'.i4 p. m'.". . . 

I3K 

26 

w. i 

2. 2 

I 

17 

0 

5007; ■ i.44p. m. 

loK 

21 

w. 

2.8 

0 

' '7 

, , ' O' 

' 5008/. ', 2.15' p. m. 

loK 

22 

w. 

1.8 

' '' I ■ 

'''' xo i 

' , 0, 

,5009-, „ 2.46,p.:,m, . 

■" ...'IS ■ 


w. 

'I., 2 :' 

' ^ 

12 '1 

I 

■5010 ■ 


33 

■.■■■'W.' 

N ' ''U 3 

,0, ' 

12 ' 

■ 0 

SPiiy. .3.45p.m. .... 

'''II' ' 


w.' 

*9 


'■ ■:';i6"' 

,,.':o 

5012 4.16 p.m.... 

13K 


W, 1 

•9 

'„ '■,'„ o': 

I ■ 

0 

rsm '■ , 4 .; 44 ''p-®:..:. . 

iiK 

23 

w. , 

. 2 

4 

21 

0 

5014 5.23 p. m 


I. ■ 

W; i 

. I 

. 0. 

3 

'.' Or 


« Rainfall, night previous, 0.36 inch. Time of cessation, prior to 4 a. m. 


^ Numerous. 
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In the night of September i8 a rain of 0.68 inch was recorded, the 
time of cessation being the next morning before 345. Fog again pre- 
vailed all day September 19 and a noticeable spray fell until 5.38 a. m. 
and began again . after 241 p. m. Ascospore~trap tests (Tables XII and 
XVII) showed that in 10 out of the 17 , traps examined there, was spore 
expulsion after 7.35 a. m. Of the eight plates exposed prior to this 
time but two yielded colonies of this Endothia. The first three plates 
were exposed in an open field at considerable distances from the trees 
(fig, 2, stations 41, 42, and 43) in the same direction toward which the 
wind was blowing, but no spores of E, parasitica were caught. These 
negative results may be accounted for by the action of the falling mist. 
Later in the day four exposures at various intervals yielded one colony 
each of the chestnut-blight fungus. 


Table V . — Record of exposure plates made on September 20, IQ13, at West Chester, Pa fi 


Plate 

No. 


Length of 
exposure. 

Station 

No. 

Wind. 

Number of 
bacteria 
and 
yeasts. 

Total 

Number of 
colonies of 
Endothia 
parasitica. 

Time, 

Direction. 

Miles per 
hour. 

number 
of fungi. 

5041 

S-5oa. m 

Minutes. 

16 

44 

NE. 

2. 6 

0 

12 

10 

5042 

: 5.55 a. m..... 

13 

45 

NE. 

2. 6 

0 

9 

7 

5043 

5.56 a. m. 

14 

46 

NE. 

2. 6 

0 

10 . 

4 

5044 

6.03 a. m 


i 51 

NE. 

2. 6 

0 

23 

22 

S04S 

6.14 a. m 

12X 

47 

NE. 

2.6 

0 

14 

II 

5046 

6.18 a. m. . . , . 

15 

48 

NE. 

2. 6 

0 

9 

7 

5047 

6.20 a. m 

IS 

49 

NE. 

2- 6 i 

0 

II ' ‘ 

10 

5048 

6.40 a, m, 

13K 

II 

BNE. 

2. 6 

p 

6 

6 

S°49 

7.07 a. m. . . . . 

iiK 

I 

ENE. 

2. 6 

0 

9 

■ 7 

5050 

7.32 a. m. . . . . 

13 

9 

ENE. 

2. 6 

0 

6 

' 3 

SoSi 

7.40 a. m. . . . . 


50 

ENE. 

2. 6 

0 

6 

■ I' 

S°52 

8.24 a. m 

10 

6 

ENE. 

2. 5 

, b 

I,,'' 

!■' 

5053 

9.09 a. m 

I3K 

8 

ENE. 

.2.5 

0 

I 

' : I 

S054 

9-37 ^ 

14K 

27 

ENE. 

3.0 

5 

II 

0 

3055 

lo.oi a. m. . . . 

X 4 H 

6 

ENE. 

2.4 

0 

2 

''■O' 

3056 

10.32 a. m. . . . 

9X 

10 

E. 

2. 4 

0 

■ ■' " :3 

'■ 0 

3037 

11.09 * • • 

10 

29 

E. 

2.6 

0 

12 

Q 

3038 

11.44 a. in. . . . 

iiX 

26 

E. 

2. 6 

0 

6 

" O', 

3°39 

12.08 p. m — 

10 

10 

E. 

■ 2'- 7 

0 

'■2 „ 

0 

3060 

1.05 p. m. . . , . 

14X 

3^ 

E. 

, . ,,2.7 

, '0 

2': 

'' ', 0 

5061 

i.35p. TO.. ... 

I3K 

ii 

E. 

5 

0 

I 

'O'' 

5062 

2.08 p. TO. ... . 

I4M 

10 

E. 


0 

'19;' 

, '0, 

3063 

2.36 p.'TO. . . 

ifA 

8 

E. 

■, 2. 7 

, 2 

■ 4" 

",' .'.o 

3064 

3.09 p, ra..... 

13K 

9 

E. 

'2. 1 

0 

, I.' 

' ,0 

So <53 

3.42 p. TO...,. 

■ " ' 14 ■' 

29 

■ .. E.,' 

" .''2*7 

; o'. 

2'. 

' ' 0 

3066 

4.06 p, TO. . .. 

' 'I8''''"", 

, ■23.' 

E. 


:o,. 


O' 

5067 

: 44I' p.'TO.,'.,'.'.. 

.'.'WXV 

12 

ESE. 


; 0 


' '. O' 

5068 

,,5.25 p.'. TO.., 

'12',;,.'.' 

12 

SE. 

,■'.2. '7;, 

/3'' 

'4, 

>'0 


« Rainfall, night previoiis, ac?s» inch. Time of cessatiou, 3.2s to 3.55 a. m. 


While there was but 0.09 inch of rain in the night of September 19, 
very important results were obtained on September 20. Tables II and 
V give the results secured. Fog prevailed during the entire day, and the 
bark on the trees dried very slowly. Examination of the ascospore traps 
to determine the duration of spore expulsion (Tables XIII and XVII) 
showed that in 8 out of 19 the perithecia were active after 9.18 a. m. 
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All of the 13 plates exposed previous to this time 3delded colonies of 
Endothia parasitica. Eight of these exposures were made in the open 
field at varying distances south and west of the plot of diseased trees (fig. 
2), the wind being from the northeast. The distance relations brought 
out by^ these tests are discussed later. Although five ascOvSpore traps 
showed evidences of the occurrence of spore expulsion after 10.07 a. 
no colonies of this fungus appeared in any of the plates exposed after 
9.23 a. m. This indicates that spores were evidently not sufficiently 
numerous in the air after that time to be detected by the exposure- 
plate method. 

The results obtained on September 21, as shown in Tables II and VE 
bring out again the direct relation of rain to wind dissemination. Two 
plates exposed during a 16-minute interval between showers in the 
early morning yielded colonies of Endothia parasitica in such iiitnibers as 
to prove without doubt that ascospores were very prevalent in the air at 
that time. After the second rain, ending at 8.20 a. ni., only the five 
plates exposed within an hour after its cessation yielded colonies of E. 
parasitica j even though 14 out of the 21 ascospore traps examined showed 
that considerable spore expulsion had taken place after 10 a. m. (Table 
XI). However, a south wind of increasing velocity prevailed, and at 9.21 
the sun appeared, causing a marked rise in temperature, so that the bark 
dried very rapidly after that time. Eurthermore, the higher wind may 
also have dispersed and scattered the fewer spores expelled thereafter to 
such an extent that none happened to fall into the exposed plates. 


Table YI.— Record of exposure plates made on September 21 y iQlSt at West Chester y Pa* 


JiAIN NO. I (ABOtJt 0.35 INCH, CEASSD 6,34 A. M.) 


Plate 

No. 


Length of 
exposure. 

station 

No. 

■ 

Wind. 

Number 

of 

Total 

Number of 
colonies of 
Endothia 
parasitica. 

ITiiBe. 

Direction. 

Miles per 
hour. 

bacteria 

and 

yeasts. 

number 
of furig:i. 

5069 

6 * 2 $ a. m 

'M mutes. 
I 4>4 

12 

SSE. 

2 . 6 


30 1 

12 

5070 

6.30 a. m 

iq}4 

13 

SSE. 

2 . 6 



20' 


KAIN NO. 2 (ABOXJr 0.0S INCH, 6.40 TO 8,20 A. M,) 


5071 

S.35 a. m. . V. . 

, 20 

13 

SSE. 

2. 6 


70 

62 

5072, 

,8.3 7 a.m. . 

19 ^ 

12 

SSE. 

2. 6 

.. ■ ■ 2 

, 28' 

' , 24 

5073 

9*04 a. m ..'.' . . . 

13K 

13 

SSE. 

3-1 

I 

2X 

■ 19 

.5074- 

9.16 a. m 

isM 

19 

S, 

3 -x 

, I 

5 

I, 

S 07 S 

9.21 a. 111'. . .... 

■■12 

II 

S. 

3 ‘ X 

0 

9 

' ' ■ 2 

5076 

9.40 a, m . . . , 

IS E 


S, 

: ' 3 - X ■ 

., ' 3 ' 

37 

■' ,0. 

5077 

,9.43 a.m. , 

13X 

37 

s. 

3. 1 

X' 

V' i8' 

■' O: 

5078 

' 10.25 a m ... . 

15 ■■ 

13 

SSW. 

5.8 

3 

.' 30 '': 

■ 0 

5079 

10.28 a. my. 

16 

19 

ssw. 

5-8 

'. 12 

.'., 8 o'V 

0 

5 ° 8 ° 

10.46 .a 'm'.". . 

icj ■' , 

37 

SSW. 

S- 8 i 

. ' 0 

' 21; 

P .' 

5081 


■'i2''"': 

14 

ssw. 

5.8 

'. ' 6 ■; 

■ '■ 44 ' 

:0 

5082 

'■ 11.07 a,".m ,. 

xsK 

37 

ssw. 

5 - 8 

'il'' 

■ " ''28 

■ .■' ' '0,. 

5083 

11.48 am.... 

16X 

12 

ssw. 

: s- s : 

' ''' 5 


':.0, 

5084 


':■ I'SK 

13 

■ '■■'.S. .'. . 

5 - 6 : 

: 'O ■'. 

■ ' 26 ' 

"'"'■O' 
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Tabi.25 VI. — Record of exposure plates mode on September 21, ipjj, at Chester ^ 

Pa , — Continiied 


RAIN NO. 3 (about 0,03 INCH, 1.43 2 - 13 ^ P- M.) 


Plate 

No. 

Time. 

length of 
exposure. 

Station 

No. 

1 

Wind. 

Number of 
bacteria 
and 

yeasts. ■ 

Total 
number 
of fungi. 

Number of 
colonies of 
Eudothia 
parasitica. 

Direction. 

! 

Miles per 
hour. 

5085 

2.20 p. m . . . . . 

Minutes. ' 

13 

s. 

■ ■ i 

6. 2 j 

i 

8 

160 

0 



RAIN NO. 4 (about O.04 INCH, 2.20 TO 2.50 P. M.) 


5086 

2-53 P*ui * 


13 

s. 

6. 2 

o ' 

144 

0 

5087 i 

3.10 p.m 

X 4 y 

12 

S. , ■ 

6.2 i 

■ 0 i 

35 1 

20 


RAIN NO. 5 (ABOUT O.03 INCH, 3.26 TO 4.07 P. M.) 


50'86A 

4.08 p. m — . 

19K 

13 

S. 

8. 0 

10 

58 

0 

S087A 

4.17 p. in'. .... 

14 

37 

s. 

8. 0 

3 

50 

0 

5088 

4-35 P' 

10 

II 

s. 

8, 0 

4 

45 

0 

S0S9 

4.55 p. m..,.. 

IS ^ 

12 

s. 

8. 0 

6 

42 

0 

5090 

5.16 p. m. . . . . 

17K 

II 

s. 

8.0 

3 

3S 

0 

5091 

5-33 

II 

10 

s. 

8. 0 

5 

20 

0 


In the afternoon of the same d, ay three light showers occurred, and 
one plate exposed in the interval after the second of these caught 20 
ascospores. After the first of these showers the exposure was cut too 
short by the recurrence of rain to give a reliable test. It will be seen 
that none of the six plates exposed during the i hour and 36 minutes 
after the last shower yielded colonies of Boothia parasitica, despite the 
fact that 6 out of ii ascospore traps examined (Tables XIV and XVII) 
gave evidence that expulsion had occurred during that period. In 
explanation it may be stated that the wind had attained a higher 
velocity at this time and was blowing quite briskly in the open. It is 
readily conceivable , that with such a wind the spores as they were ex- 
pelled might have been transported with such speed and their numbers 
dissipated so rapidly that none chanced to fall on the rather small area 
represented by the exposure plates. 

■■ A Tather heavy rainfall was,, recorded on, the' night of' September '21, 
but it ceased"' before" 12.45 ' Examination of , the- ascospore' trapS' ' 

showed that there was abundant spore expulsion during the night, and 
5 'out 'of ',21 traps gave evidences- of the occurrence, of .expulsion' 'after ,'',, 
'„7',,3o'a. m.,- on September 22 ■ (Tables'XV and XVII). ' ': 0 f :''the ,13 'plates,,, 
exposed between 5.56 a. m. and 7.35 a. m. but 2 yielded positive results 
(Table II) . No spores were caught in any of the plates exposed there- 
after, even though two ascospore traps bore evidences of the occurrence 
of light expulsion after 11.24 a. m. The meager results obtained on this 
date are no doubt due to the long period of time intervening since the 
cessation of rain the night before. 
■,'-''';'',;-';C|ear,,^;:bot'',weatber^'\,pityaiJed,''dudhg/-Septem 
^ spores' :Weif',;;caugh,tv::'''',^'',:'\V'::^^ 
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The relation of the time elapsed since the cessation of rain to the 
prevalence of ascospores in the air among diseased trees is shown in 
Table VIL 

Table YU. —Relation of the thne elapsed since the cessation of rain to the number of 
spores falling on an area of l square foot per minute in 1913 at West Chester, Pa. 

pirates exposed on SEPXieMBER l8, 19x3 


No. of 
plate. 

Time elapsed 
since cessa- 
tioa of rain. 

Number of 
colonies of 
Endothia 
parasitica. 

Number of 
spores of 
Endothia 
parasitica 
falling on an 
area’ of 

I square foot 
per minute. 

4787 

H. 

1 

m. 

51 

II 

IS- 74 

4788 

I 

54 

16 

22. 32 

4789 

2 


9 

12. 55 

4790 

2 

19 

4 

4.29 

4791 

2 

35 

5 

6. 34 

4792 

2 

48 

2 

2. 53 

4793 

2 

54 

2 

2.32 

4795 

3 

25 

2 

2. 53 

4796 

3 

34 

I 

I. 27 

4797 

3 

SB 

I 

I. 36 

4798 

4 

4 

0 

0 

4799 

4 

29 

0 

0 


PI^ATBS PJXPOSISD ON SEPTRMBRR 21, I9I3 


5071 

IS 

62 

43. 24 

S072 

17 

24 

17. 62 

S°73 

44 

19 

19.64 

S074 

5<5 

I 

0. 91 

507s 

I I 

2 

2.32 

5076 

I 20 

0 

0 

5°77 

I 23 

0 

0 

5078 

2 5 ! 

0 

0 


An examination of these tables shows that on September 1 8 the spore 
content of the air decreased more or less gradually during the third and 
fourth hours after the rain, while on September 21 the spore content 
decreased very abruptly and no spores were obtained after the first hour 
following the cessation of the rain. The duration and the abundance of 
the ascospore expulsion on ^ ^t^ dates (Table XI) are seen to have 
differed likewise, and a comparison of the weather conditions gives the 
probable explanation, since it was calm and foggy on the i8th and hot 
and sunny with a brisk wind just following the rain of the 21st. Condi- 
tions following the rain on the iSth were such as to prevent rapid drying 
of the bark, so that spore expulsion continued during a much longer time 
than on the 21st, when the bark dried rapidly. Furthermore, the brisk 
wind of September 21 would tend to disperse the spores very rapidlyi 
whereas the comparative calm of September 18 would be favorable to a 
more prolonged prevalence in the air near their source. In this regard 
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it should also be noted that on September 20 (Table II), when foggy 
weather followed the rain, spores were prevalent in the air during at least 
five hours after the rain had ceased. 

A glance ^t the, figures representing the number of spores falling each 
minute on a surface equal to i square foot shows that during periods of 
one to four or more hours after- a rain — in other words, during such time 
as expulsion continues — healthy trees among diseased ones would be sub- 
ject to infection, since some of the ascospores would find lodgment upon 
exposed parts of trunks and branches. 

The results obtained in the early morning of September 20 by making 
exposures in an open field at varying distances from the principal source 
of spores (figs. 2 and 3) are presented in Table VIIL 

TABniS VIII . — Relation of distance from source of spores to number of spores falling on 
an area of l square foot per minute in ipij at West Chester ^ Pa.^ 


Plate No. 

Time. 

Distance 
from source of 
spores. 

Number of 
spores falling 
on an area of 

I square foot 
per minute. 

5044 

6.03 a. m. 

Feet. 

27 

24. 07 

5<545 

6.14 a. m. 


12. 52 

5046 

; 6.18 a. m. 

180 

6.51 

5042 

i 5 -SSa. m. 

266 

7 - 51 

5047 

6.20 a. m. 

409 

9. 30 

5041 

5.50 a. m. 

414 

8.71 


o Plates exposed on Sept. 20, 1913. 


These exposures, all made within about half an hour and in the same 
general direction from the plot of diseased trees — -i. e., the direction 
toward which the wind was blowing— show that in a general way the 
number of spores falling upon equal surfaces in equal intervals of time 
decreases as the distance from the source of spores is increased. The fact 
alone that in an open field at rather long distances from diseased trees 
ascospores were prevalent in the air to such an extent that every minute 
from 6 to 24 spores were settling upon a surface equal.to i square foot 
(PL TXIII, figs. I and 2) indicates that at such a time many opportunities 
would be offered for exposed parts of undiseased trees at considera- 
ble distances from diseased ones to become infeeted by wind-borne 
ascospores. 

Furthermore, these results show that the maximum distance over 
which ascospores might be transported by the wind was by no means 
obtained,^ and the large numbers found at the longest distances in this 
experiment, given in Table VIII, when a light wind prevailed, indicate 
that even with a relatively light wind ascospores are probably conveyed 
distances far greater than these. 

In a consideration of the exposure plates 3delding the high' numbers of 
colonies of Endothia paranfica it is inteTesting to note the relatively 
large proportion of the spore content of the air formed by ascospores of 
this, fungus at certain times (Table IX). 
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Tabi.i$ IX. — Percentage of the number of spores of Endoikia parasitica to the total spore 
content of the air, assho^mt by exposiire-plaie tests on chestnui-harh agar in igij at 
Chester f Fa, 


Plate 

No. 

Bate. 

Total 

iiiiiii- 

ber of 
fun- 
gous 
colo- 
nies. 

Num- 
ber of 
colo- 
nies of 
Endo- 
thia 
para- 
sitica. 

Per- 1 
ceiitage 
of cok)- 
nies of 
Endo- 
thia 
para- 
sitica 
to total 
spore 
content 
of air. 

Plate 

No. 

Date. 

Total 
iiimi- 
bcr of 
fim- 
gom 
colo- 
nies, 

Nmit- 
bcr of 
colo- 
nics of 
Endo- 
thia 
para- 
sitica. 

Per- 
centage 
of colo- 
nies of 
Endo- 
thia 
para- 
sitica 
to total 
spore 
content 
of air. 

43S3 

Atig. 27 

30 

16 

S3 

5046 

Sept. 20 

9 

7 

77 

4384 

. . .do 

25 

21 i 

84 

5047 

...do I 

II 

10 

91 

438s 

. . .do 

70 

33 ‘ 

47 

5048 

. . .do ‘ 

6 

6 

100 

4386 

. . .do 

25 - 

20 : 

80 

5049 

. . .do ^ 

9 

7 

77 

4787 

Sept. iB 

20 

II 

55 

5050 

. . .do 

6 

3 

50 

5041 

Sept. 20. . . 

12 

XO ' 

83 

5069 

Sept. 21 . . . . 

30 

12 

40 

5042 

. .do 

9 

7 

77 

5070 

. . .do 

SO 

20 

40 

S043 

. . .do 

10 

4 

40 

S071 

. . .do 

70 

62 

m 

5044 

. . .do'. 

- 23 

22 

95 

S°72 

. . .do 

28 

24 

85 

504s 

, . .do, 

14 

II 

78 

5073 

. . .do 

21 

19 

90 


In connection with these figures it should be borne in mind that the 
fungi represented are such as will grow only on chestnut-bark agar. 
Taking into consideration, however, the relatively large numbers of other 
fungi ordinarily developing in the exposure plates (Table I), it is a note- 
worthy fact that at certain periods when ascospore expulsion was in 
progress the spores of this one species should constitute from 40 to 100 
per cent of the total spore content of the air. 

Since these plates were exposed not long after a rain, a possible expla- 
nation suggested is that spores of other fungi were washed from the air 
by the rain and the supply had not yet been replenished, whereas, condi- 
tions were very favorable to the abundant expulsion of ascospores of 
Endothia parasitica. It has also been suspected that certain types other 
than this fungus which were often found in- plates exposed at such, times 
represented other ascomycetous' fungi the spores of ' which' had just been 
expelled. 

. v: SUMMARY -OF ' ■EXPOSURE-PUATU ■ TUStS 

; ■ ■ In all' of, the- exposure plates, yielding colonies of Endothia parasitica it 
-was, detemined from; the 'tim of 'appearance of these colonies that all 
-originated from ascospores'." , -Therefore we may safely state at the outset' 
"'that under "the conditionsof the tests.little o.r'.no^ wind dis-semination,-of 
■ .pycnospores 'occurred. 

By- .comparison .with ascospore-trap. tests it 'is evident that' ascosp'ores" 
oi Endothia parasitica were'caught in the exposure , plates in numbers' and'-' 
at some distances' -from trees/only during certain periods fdllo-wing'.rains-'- 
wheii " -ascospore ',, -expulsion was- in '■ progress." .-.The-'-po-ssible"" exception 
occurred on, the morning of September S,:; when- no, -series; of;',-'';observatm^^^ 
-.'.was.made on 'the ascopore traps. ' 

;:';''As,':t^,e,,',occurr-ence-;;0f-,'-'ascospbres^m'- ’"numbers '""is - 

'"-'the,' priiBe';'-requisite;Tor';-^ndidisseiniharion-ran 
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occurs only when the perithecia-bearing bark has been wet by rains, the 
following facts 'are presented to show that wind dissemination is directly 
dependent upon weather conditions causing spore expulsion. 

Of the total number of 756 plates exposed during these tests 95 were 
exposed while ascospore expulsion was known to have been in progress, 
and of these, 4^ yielded colonies of Endothia pafositica. Of the remaining 
661 plates exposed at other times than those noted above, but 23 yielded 
colonies of E, parasitica, and 14 of these were exposed within 12 hours 
after expulsion was known to have occurred. 

To bring out in a more striking manner the relation of rain to wind 
dissemination, it is worthy of note that out of a total of 427 ascospores of 
Endothia parasitica caught in the exposed plates 402, or 94 per cent, were 
caught in plates exposed while spore expulsion was known to have been 
in progress, and of the remaining 25 spores 3 were caught within 5 hours 
after the cessation of a rain (Sept. 8) and 12 more were caught within 12 
hours after ascospore expulsion was known to have occurred. This 
leaves but 10 out of 427 spores, or 2.3 per cent, seeming to be stray 
ascospores bearing no relation to a rain. 

As to the origin of the 22 colonies of Endothia parasitica appearing in 
plates exposed when spore expulsion was known not to be in progress 
(see Table II), the following points are cited to prove that they originated 
from stray ascospores which, after expulsion, lodged on near-by or, per- 
haps, distant trunks, limbs, or leaves and were subsequently loosened 
by the mechanical action of some agency. 

1. All but one of the 21 plates containing these colonies yielded only 
a single colony of Endothia parasitica each. 

2. In one colony a fragment of bark was visible at its center. 

3. All except one of these spores were caught at stations more or less 
overhung by branches of diseased trees, and all except three were caught 
on stumps surrounded by sprouts. 

4. Only T out of 192 plates exposed at unsheltered stations when 
expulsion was not in progress yielded a colony of Endothia parasitica. 

If these had been stray spores that were still floating in the air since 
expulsion, they would have fallen just as frequently into plates exposed 
out in the open at unsheltered stations. During a period of ascospore 
expulsion following a rain it seems probable that the spores would not 
ail be swept away by air currents but that some few would find lodgment 
upon near-b,Y leaves and branches. Such lodgment is especially likely 
to take place if there is no noticeable wind when expulsion is in progress. 
Thus, it seems quite probable that the colonies obtained when perithecia 
were not active originated from spores dislodged from either healthy or 
diseased parts of trees more or less overhanging the plates. 

Unless attached to a bark fragment, the path of these spores in falling 
would, not necessarily approach the vertical, and such spores might be 
transported by the wind just as readily as though they were freshly 
expelled. This explains, perhaps, why one spore was caught in plate 
No. 5037, exposed 27 feet from the nearest chestnut tree. The probable 
reason, then, why, with this exception, such stray spores were caught 
only under trees is that the rareness of their occurrence in the air pre- 
vented their detection elsewhere than in very close proximity to their 
place of temporary lodgment, since with the exposure-plate method the 
chance of detecting these sporeS; decreases-,very;'.;rapi^f 
from their source is increased. : 
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Obviously no exposures could be made during a rain, but ascospore- 
trap examinations have shown that abundant spore expulsion may 
occur during the actual fall of the rain. It is evident, however, that at 
such a time wind dissemination would be reduced to a minimum, because 
the spores upon expulsion would soon be washed to the ground or to 
near-by bark or foliage. 

Therefore, under the conditions of our tests it can be said that, with the 
exception of the few stray ascospores loosened from temporary lodgment, 
wind dissemination of Endoikia parasitica occurs only during certain 
periods after rains, when ascospore expulsion is in progress. 

ascosporb-trap tests 

In order to detect ascospore expulsion whenever it occurred, use was 
made of what we have termed “ascospore traps.’’ An ascospore trap 
consisted of a glass object slide held in place over perithecial pustules 
on the bark of a diseased tree by means of a wooden bracket either above 
or below the slide (PL LXIV, figs, i and 2). The slide was wedged firmly 
into a slot in the bracket so as to be suspended about one-eighth of an 
inch or less from the papilla underneath. These traps were placed on 
lesions of various ages on trees more or less scattered throughout the 
experimental plot (fig. i). 

As the ascospores of Endothia parasitica are expelled they adhere to 
the glass, and the spores expelled from each ostiole usually form a definite 
“spot,” so that the number of spots on the slide represents the number 
of perithecia in the area underneath which have expelled spores. 

During the progress of the work on wind dissemination, it was found 
possible by means of these traps not only to detect the occurrence of 
ascospore expulsion but to determine even with some degree of accuracy 
the exact duration of perithecial activity. 

As has been brought out in the discussion of the exposure-plate tests, 
the occurrence of ascospores in the air in numbers is directly dependent 
upon the continuation of their expulsion after a rain has ceased. The 
duration of expulsion becomes, therefore, an essential factor in deter- 
mining the period during which wind dissemination may occur. 

In making this determination the method of procedure was as follows: 
Out of the total number of 69 ascospore traps usually about 20 were 
selected, representing areas of vigorous perithecia where previous expe- 
rience indicated that abundant expulsion was most likely to occur. The 
slides from these traps were collected as soon as possible after the rain 
and were replaced with clean slides. Then, after a convenient interval, 
this second set of slides was collected and replaced with clean ones; This 
operation was repeated at intervals of several minutes to several hours 
until none of the slides bore spots of expelled ascospores. 

Several series of trap collections were usually made after each rain, 
and a subsequent examination of each slide revealed whether or not any 
expulsion had occurred under that trap in the period during which that 
particular slide had been in place on the tree. Although usually visible 
to the unaided eye, an examination with a hand lens was often necessary 
to detect very faint or very diffuse spots of ascospores on the slides, 

The detailed results for September 20 are given to show the behavior 
of individual traps (Table X). The results given in the summary for 
the other dates were obtained in a similar manner and the individual 
records will therefore be omitted. 
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TablH X . — Record of ascospore-trap collections on September 20, ipxj, at West 

Chester^ Pa.^ 


Time from cessation of rain to— 

Number of perithecia eixpelling ascospores between 
times stated. 

Replacing of slides. 

[ 

Collection of slides. 

cftl 

1 

9 

Trap No. 58. 

6 

izi 

a 

Trap No. 62. 

0 

a; 

•e* 

so 

d 

; 2 ; 

£ 

6 

& 

p 

Trap No. 68 . 

Trap No. 69. 

Trap No. 74. 

S' 

6 

S' 

w 

d 

12 ; 

a 

ct 

M* 

d 

IZl 

B 

S 

6 \ 

n 

d 

12 ;, 

9: 

d 

12 ; 

9 

d 

iz; 

S' 

£ 

J-H 

■v 

1 

iH 

d 

10 

d 

iz; 

0, 

t 5 

1 

2^48“- to 

A 4 

22 


73 

79 

53 


14 

23S+ 

82' 

77 

2 

7 

T 3 

8 

3 

0 

0 

0 

to 3h‘io“ 

4^5”^ to 41^27®^ 

23 

7 

67 

66 

43 

5 


0 

lOI 

33 

34. 

I 

3 

2 

I 

4 

0 

0 

0 

^Iicm to 


6 

t\ 

10 

17 

15 

1 

_9 

o 

22 

30 

4 

0 

2 

0 

1 

0 

0 

0 

0 

cliotaiii to e^AT'^ 

6^12“^ to 6^3°^ 

0 

I 

0 

8 

I 

I 

i I 

: o 

11 

4 

0 

0 

1 

0 

0 

0 

0 

0 

0 

tn , 

6^53^ to 74 i“ 

0 

0 

0 


0 

0 

1 0 


4 

0 



I 

0 



0 

0 

0 

to 

to 7^47“ 




3 

0 




2 




0 

0 



0 

0 


'7*12 to 

IQ“34“ to 11*^31®. 

0 

II 

0 

0 

0 

0 

0 

0 

1 0 

0 

* 0 


0 

0 

I 

0 

0 

0 

0 


to 













0 

0 



0 

) 0 




T 9 ^y 1 Q®‘^ 


















































! 


i 










L 


a Rainfall, night previous, 0.09 inch. Time of cessation, between 3.25 and 3.5s a. m. 

Tabi^iS ICl.’— Summary of records of ascospore-trap collections in Ipij at West Chester ^ 

PO'^ 


Bate. 

Rainfall. 

Number 
of traps 
ex- 
amined. 

j Time from cessation of rain to-^ 

Number of 
perithecia 
expelling 
ascospores 
between 
times 
stated. 

Replacing of slides. 

Collection of slides. 


Inches, 

1 

1 





f ll 1 

i 



Aug. 27 — 

0. 12 

6>» to lS“ i 







0® to 15® 


Do.... 

0*'*' 


0“ to 15® 


360 

.>5 

, u 

45® to 










2^6® to 2^37® 

.2 liio® to 3^ 3 a® 


Sept x8,... 

.26 - 


3 ^ 10 ® to 3^34®. 

4*^2^ to 4*138® 









5^47® to 6^37®, 





8 


1*148® to 2*14® 

236 






Sept. 19..,. 

.68 ■ 

8 

1^48® to 2*4® 






3^35® to 3^30®, 


.:' 46 ' '■ 





2*148® to 3*^10®. ...... ....... . 





2^48® to 3**lo®. . 






4^5® to 4^27® 






5*^23® to 5^41®. 

6*1I3® to 6*133® 

' 28 , 

Sept. 20.... 

•09 ' ■ 

14 

j 6^12® to 6^*33®. 


10 ' 

7 

6^33® to 7*:‘1I®. 

7*135® to 7*147®. 

K 



18 

! 7 '*|s»to^ 4 ,« 

' 10^34® to II“31®. 

0 ' ' 

' ' ■ 12 ' 



6 

1 io%4® to ii“3i® 

13*114® to 13*138® .... 

0 



I 

13^14®. 

13*149® , 

y 

2 



21 


1^40® to 2*1 ..... 

j;?y 494 “f“ 

Sept. 21.... 

■ .43 - 

21 

1^40® to 2^ 

3 * 16 ® to 3 *i 22 ® . 

2x1. " 


19 

3^6® to 3^22® 

5*128® to 5*136®. 

'0 ■■ 



11 


33® to 41® 

X J l 99 “f“ 

. Bo .... 

, 10 • 

II 

33® to 41® 

53® to l*il® . ........ 

. lA 



6 

S3® to I^ 

1 %I®. 

■ ■''■O' 



21 


1 «!*iio® to t:*iio® 

577 *^^ , 



21 

s'^ro® to 5^30^. 

3 4 .V/ t..V/ 0 . 

6*131® to 6*151® 


Sept. 22.... 

-73 • 

21 

6’^3I® to 6*^51® 

8 * 16 ® to 8*123® 


21 

8^6® to 8^25®. . . . .. 

0*135® to ijiiii® 

3 



2' 

10^39® to 1 1 *^2®. . . 

I4®12® to 14^16®. ......... . . . 

6 

Oct 20. . . . 


/ 10 


1*13® to I*lll®. - 

6x8 

.8S ' - 

\ 3 

1^3® to I^II® 

I*ll6® to I*l2I®. 

82 



' ®4 


12® to 27®. ................. 

i '^ 4 s; 




12® to 27®-, 

22® to 31®. .. . ... 



0 

4 

30 ® to 31®. . , . . 

37® to 43®. ..... 

387 



4 

37® to 43® 

..45® to 54 ®,'. . .... 

■ '■ 379 ' 

' Bo...;. 

. 01 ' ' ' 

4 . i 

45 ® to 54®. .... ....... 

37® to l*lO®. . 




^ , ; 4 

57® to 1^9®. 

r*»i:2™ to 1*126® ........ . . . . 

' Mz, \ 



4 

I “12® to 1*^26®....,......,. , . 

1^28® to 1*146® . ...... . 

■ . 152'"' 




1*128®:, to 11146®....' ... ... 

lJS5» .to 2,*i9®. . . . 

,■"'■■■ "37,"'' :■ 



1 .'4 1 

'il»50® to' 2119®. . ^ 

■5*121'®' . to '5^54® 

- '''2' " 


a This sutnmary includes the records of traps Nos. 58, 59, 72, and 74 only, 



Journal of Agricultural Research 


Vol III, No. 6 . 


514 


The data secured relative to the duration of ascospore expulsion after 
certain rains are given in a summarized, form in Table XL As will be 
seen, all of these, except the results obtained on October 20, bear refer- 
ence to rains occurring during the progress of exposure-plate tests. 
Although the exact time of cessation of rain is a very iiiiportant point, 
in the cases of September 18, 19, 20, and 22 it could not be more accu- 
rately determined, because the rains all ceased in the night. A com- 
parison of the figures presented in these tables with the results obtained 
in the exposure-plate tests will show a close interrelation. 

On October 20 another opportunity was offered to obtain data relative 
to duration of spore expulsion. By selecting only a few traps and chang- 
ing the slides at much shorter intervals more in detail was learned in 
regard to the activity of the perithecia (Table XI). 

Since the point had been often suggested that these ascospore-trap 
tests might not yield results typical of natural conditions because of the 
protection from drying afforded by the glass suspended over the bark 
and that because of this spore expulsion was greatly prolonged, occasion 
was taken on October 20 to determine the validity of this contention. 

About two hours after the cessation of rain, when expulsion had appar- 
ently ceased under most of the ascospore traps that were being tested 
(Table XI), a number of clean slides were placed at random over other 
areas of perithecia-bearing bark which appeared still to be damp, to 
determine whether or not perithecia on bark unprotected by glass slides 
were expelling spores at this time. Owing to the high south wind and 
occasional sunshine, such promising areas of bark were found only on 
the north side of trunks, either where loosened bark about a bad lesion 
had become soaked or in locations more or less protected by sprouts or by 
stumps from the drying action of the wind. The slides were held in 
place by a cord tied around the trunk, and care was taken to prevent 
contact with the papillse. The results obtained from these 22 test traps 
are given in Table XII. 


Tabl^ Xll.'— Record of test traps on October 20, ipij, at West Chester, Pa A 


Trap No. 

Time of placing slide. 

Time of collection. 

' Results of examination.. 

I. 

.11.20 a. m, . - 

1.30 to 2.00 p. m 

0. 

2.' ' 

11.25 a. m. .. 

1.30 to 2.00 p. m — 

I faint spot. . 



11.27 a. m 

1.30 to 2.00 p. m. , 

0. 



,11.27 a. m. 

1.30 to 2.00 p. m. , . . 

0. 

5...,.....,..,.. 

11.32 a,.' rn ■ 

1.30 to 2.00 p. m 

0.. 

6. .............. . 

11.35a. m..... 

1.30 to 2.00 p. m. . 

,0. . ■ 

7:,.,............. 

11.35 a. ® 

1,30 to 2.00 p. m. 

I ligli't spot. 

- 8.,..'...'. ....... 

1X.39 a. m. — .. . 

1.30 to 2.00 p, m 

',■0. 

10:.. 

i.i.34,a. m. — . . 

1.30 to 2.00 p. m 

0. ' 

II,,.'. 

11.47 a.' m, 

T.30 to 2.00 p. m — 

.0,' 

12 '. .. .V.:. . 

.11.47 • ’ • ’• '• 

1,30 to 2.00 p, m, .. . 

0* . ' ' 

■14. .. , 

11.55 - - - * - - 

1.30 to 2,00 p. m.. . 

0. 

■15...,. 

.1,2.00. tO' I2.04'p."m, .. 

1.30 to 2.00 p. m. .. . 

I faint spot. 

:l 5 ,. 

12.00 to 12.04p.m. . 

1.30 to 2,00 p. m. .. . 

0. : 

17..'......;.... .i 

'' 12.00 to I2.04"p. Ul. -. 

1.30 to 2.00 p, m. .. . 

6 . 


12.00 to I2.04,P;. m. .| 

1.30 to 2.00 p. m. .. . 

/O. '" ' '' 

19...,'..,...,, 

12 .QO "tO' , 12 ' .04 pv m 

1.30 to 2.00 p. m, ,, , 


20 

12.00 to 12.04 p. ni. . 

ii3oto 2.00 p. m ; 

."3 spots ■; . I rather 'lieav..y,,'. 

21 

12.00 to 12.04 p. m. . 

1.30 to 2.00 p. m. .. . 


22,'';.'..'.. ....... 

12.17 p. m 

1.30 to 2.00 p. m 

I light spot.,'' ' 
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' SUMMARY OF ASCOSPO.RE-tRAP TESTS, 

From the standpoint of wind dissemination, the all-important feature 
proved beyond doubt by these tests is that in every case where ascospore 
expulsion occurred at all it continued for a time after the cessation of the 
rain, tints insuring a supply of spores in the air.^ 

A glance over these results shows, that in a, general way, the volume of 
ascospore expulsion, as measured by the character' and number of spots 
on the slides, ; is greatest during or' shortly after' the rain and decreases 
more or less uniformly as the bark dries. On August 27 the rains were 
of the thunderstorm type, being of very short duration, and consequently 
the perithecia had hardly been wet for a suflBcient length of time when the 
rain ceased. The greatest volume of expulsion occurred, therefore, a little 
later, evidently between 15 minutes and i hour after the rain had ceased. 

With the exception of the rain in the afternoon of September 2iVthe 
tests of September 18, 19, 20, 21, and 22 are rather unsatisfactory, since 
no records could be obtained until some time after the rain had ceased. 
The summary for these dates (Table XI) shows that the maximum vol- 
ume of spore expulsion had occurred before the first collections were 
made, and whether the climax occurred during the rain or shortly after- 
wards can not be stated. In the case of the afternoon rain of September 
21 very evidently the maximum volume of spore expulsion took place 
before 33 minutes had elapsed after the cessation of the rain. 

On October 20, after the bark had been thoroughly saturated by a rain 
in the night, the greatest volume of expulsion occurred within one hour 
after the rain. Two hours and nine minutes later a light rain of 58 min- 
utes' duration began, and the results secured after this shower (Table XI) 
show that in three traps tested the greatest volume of expulsion occurred, 
not during the rain, but after 22 to 43 minutes had elapsed since its ces- 
sation. 

As to the rate of subsidence of ascospore expulsion after the rains, 
Table XI shows a marked contrast between the results obtained on differ- 
ent dates. This has been mentioned in the discussion of the exposure 
plates and the relation of the subsidence of ascospore expulsion to 
weather conditions. In the cases of September 18, 19, 20, and 22 the 
duration of expulsion is seen to have been prolonged after the rains, and 
in all cases except September 19 the data show that the rate of subsidence 
was very gradual. Except for the last three hours of the duration of 
expulsion on September 22, fog or cloudiness and low wind prevailed, 
and the weather conditions were not favorable to rapid drying of the bark. 

After the rains of September 21 and October 20 the rate of subsidence 
of ascospore expulsion was relatively abrupt and rapid, and its duration 
was comparatively short,' especially after the second rain on September '2 i',.'' 
Here, again, the relation.of, duration of .expulsion to' rapidity -of drying of' 

' the bark is shown,' since the rains' on these, dates were .followed , by brisk 
winds, and, except for "the second .rain of September 2iy "by rapid clearing '. 
' and 'Sunshine. "Such" weather conditions were, of course, very conducive' 
.'to the rapid drying of the. bark'. " 

/ '.The maximum' duration of ascospore 'ex.pulsion as '.determined' by -these 
tests, after each ."of ". these , rains is' shown in .Table. XIIL '.''.InaO'nsideriiig 
'these, 'data ."the'-'weatber. conditions'' just described should'be. borne in mind.,'' 
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TablS XIll. —Maximum duration of ascospore expuhion after the cessation of min, 
as determined by the examination of slides in ascospore traps at West Chester, Pa,, 

in 1913 


Date. 

Rainfal!. 

Maximum 
duration of 
spore 
expulsion 
after rain. 

Date, 

Rainfall. 

Maximum 
duration of 
spore 
expulsion 
after rain. 

Aug. 27 

Sept. 18 

^9 

20 

Inches, 

0. 175 
. 26 
.68 
.09 

H, m, 
45 

6 IS 

5 27 
13 14 

Sept. 21 1 

i 21 

i 22 

i Oct. 20- . . . 

Inches, 

0. 43 
. 10 

•73 

.86 

IL m, 

X 5S 
40 

II , 2 
3 8 


It should be mentioned in this connection that the figures given 
in the Table XIII were secured in all cases, except that of October 
20j from bark that had been protected continuously by the trap slide 
from the drying action of the wind, and it is possible that under such 
conditions the duration of expulsion may be slightly prolonged. But 
the data relative to the maximum duration of expulsion on October 20 
were secured from bark previously unprotected by slides, since seven 
perithecia in five exposed areas were found to be expelling spores after 
expulsion had ceased in all but one area protected by the ascospore traps 
(Table .XII). These tests prove beyond doubt that under natural 
conditions certain exposed areas of diseased bark do remain wet enough 
to cause spore expulsion fully as long as the particular areas protected 
by the ascospore traps. Of course, such areas would usually be in 
locations more or less protected from the wind or sun; but, nevertheless, 
they would continue to act as a source of spores for wind dissemination 
as long as any expulsion was in progress. 

The direct bearing of the results of these ascospore-trap tests upon the 
results obtained in the exposure plates has been brought out in the 
discussion of the latter topic. 

ASPIRATOR TESTS 

It has already been brought out in the historical introduction that 
previous analyses of air by the aspirator method under natural conditions 
in the field during dry weather failed to show the presence of spores 
of the chestnut-blight fungus (2). Positive results were obtained, 
however, under artificial conditions in the field, and it seems probable 
that failure to detect spores under natural conditions was due to the fact 
that most of the analyses were made during dry weather. If positive 
results were obtained following periods of rain, that fact was not brought 
out in the discussion (2). In order to obtain definite information on this 
point, the aspirator tests reported in the following pages were made so as 
to include the filtration of air immediately following periods of rain, 
as well as during the intervening dry weather. 

method OP MAKING THE analysis 

The apparatus used in this series of tests consisted of a 4-liter aspirator 
bottle set on a level stump near the center of the field (fig. i). The 
nearest trees were 15 feet north, 19 feet east, and 33 feet west, and the 
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nearest lesion was on a branch 13 feet to the north. The standard sugar- 
tube method of making a quantitative bacteriological analysis of air was 
employed. The bottle was refilled with 4 liters of water at intervals 
of 20 or 30 minutes, thus making the aspiration practically continuous. 
One sugar tube was generally used each day, and the quantity of air 
drawn through each tube averaged 58 liters, with a maximum of 96 liters. 
The medium, employed was a 3 per cent dextrose agar, with a reaction 
of +10. Ten plates were poured for each test and were incubated 
and the colonies counted in the same way as those in the experiments 
with the water spore traps (p, 520). 


Table 'XIV. —Summary of results of aspirator tests in igis at West Chester ^ Pa. 


Sugar 

tube 

No. 

Date of aspiration. 

Rainfall.flt 

Quantity 
of air 
repre- 
sented. 

Number of 
bacteria 
and 
yeasts 
per liter. 

Total 
number 
of ftmgi 
per liter. 

Number of 
spores ol 
Endbthia 
parasitica 
per liter. 

STumberof 
species 
of fungi. 



Inches, 

Liters. 





I 

Atlg. 19. ....... 

0. 40 

12 

26. 42 

4. 16 

0 

4 

2 

Aug. 20. 

0 

28 

3.21 

4. 28 

0 

9 

3 

Aug. 21, ... 

0 

36 

■ 83 

3-05 

0 

9 

4 

Aug. 22, 

0 

48 

2. 29 

5-21 

0 

7 

5 

Aug. 23. 

•25 

68 

1.47 

17 - 65 

0 

3 

6 

Aug. 24 — 

0 

56 

2. 86 

II. 07 

0 

S 

7 

Aug. 25 

0 

56 

3-96 

3-96 

•35 

7 

8 

Aug. 26 

0 

56 

4.64 

8-93 

0 

10 

9 

Aug. 27 

•175 

47 

2. 12 

8-3 

0 

II 

10 



12 

3- 75 

5*0 

.42 

9 

II 

Aug. 28. 

0 

68 

1-35 

4.04 

0 

12 

12 

Aug. 29 


40 

2-5 

5 - 87s 

0 

9 

13 

Aug. 30. 

X. 10 

60 

I. 25 

3*91 

0 

7 

14 

Aug. 31 

0 

56 

1. 16 

7,67 

0 

10 

15 

Sept. I- 

0 

92 

I. 25 

38. 37 

0 

II 

16 

Sept. 2 . 

0 

72 

1. 18 

1.87 

0 

8 

17 

Sept. 3 

0 

72 

1.32 

7. 91 

0 

12 

18 

Sept. 4 

0 

56 

1. 78 

36. 60 

0 

II 

19 

Sept. 5.... 

0 

68 

1. 69 

20.00 

0 

■ II 

20 


0 

4 

1 16. 78 

1 6.25 

0 

■ 7 ' 

21 

Sept. 6 

0 

76 

I. 12 

8. 09 

0 

12 

22 

Sept, 7. 


64 

4. 61 

2. QO 

0 

12 

23 

Sept. 7 and 8 

•37 

12 

6.25 

8-33 

0 

, 10' 

24 

Sept. 8 


76 

,20 

4. 86 

0 

' , 10 

^25 

Sept. 9 

0 

1 60 

• oy 

. 16 

1, 41 

0 

■'■ S 

26 

Sept, 10 

0 

76 

2. 17 

6. 90 

0 

- 10 

27 

Sept. II 

0 

72 


I. OA 

: 0 . 

. *7 

28 

Sept. 12 


80 i 

I. c;o ' 

2. e;8 

0 ' . ' 


29 

Sept. 13 

.095 

68 

•59 

I. 91 

0, '■ 

''■"'9 

■ 30 

Sept. 14 

0 

72 

.14 

I, II ' 

:0 

6 


Sept. IS. 

0 

,72 

.62 

I, 18 

0, ,, 

10 

32 

Sept. 16 

0 

72 

.41 

1.25 

.0 

6 

33 

Sept. 17 


80 

1. 00 

I. 12 

0 

'■S' 

:■ ' 34 

Sept. 18. 

. 26 

52 

7 - 59 

14.23 

. 192 


« H 

.... .do, 


64 

. I c 

K, OA 

0 

I A 

00 

36 

Sept. 19. 

.68 

96 

1. 04 

0* y^ 
4-27 

„ ' 0 , 

10 

37 

Sept. 20. ........ 

.09 

76 

•59 

" I* 31 '': 

0 

'■'■/'■, 9 

3S 

Sept. 21. 

•43 

40 

I. 50 

4. so 


S 

39 

.... .do; . . 

- 10 

28 

' 3:.:52 

6.25 

. 089 

10 

40 

'Sept. 22'. . 

: .'■•■73 

■■ ■' 52 

2.30 

1.82 



... ,,,41. 

Sept. '23.... 

'■ ■ ' 

80 

.875 

:: 




''Average.'..'...'... 


S 7-9 

2. 91 ■■ 

7 - 03 


''8.8 







« rains occurred .during the night previous' tothe d«te of aspiration.' except on Aug. '27.,, 
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DISCUSSION OF EFSUUTS OF ASPIRATOR TESTS 

The results obtained, from ' these tests. are presented in Table XIV, 
The average iiiimber of bacteria per liter of air was 2.91, while the iiitmber 
of fungi per liter averaged 7.03. The number of fuiigtts species repre- 
sented in the cultures ranged from 3 to 14. 

In only five instances did any colonies of the. che^tniit-biight fungus 
appear in culture, and the number of spores per liter was never large. It 
is not impossible that the small numbers of spores of Endoihia parasiiica 
obtained may be. due to the effect of sunlight, for in those instances where 
the rains were followed by fair weather the aspirator was exposed to the 
direct rays of the sun for a part of the day. This may also be the expla- 
nation of the fact that no spores of E. parasitica were obtained after some 
of the rains when ascospore-trap collections made it certain that expulsion 
was taking place, notably those of September 7 and 8 and September 21 
and 22 (Table XV). Unfortunately there are no published investigations 
which give any information on the effect of sunlight on ascospores of the 
chestnut-blight fungus. 


Table XV . — Relaiion of aspiration tests to rainfall in igij at West Chester, Pa. 


Date of rain. 

Rainfall. 

■ 

. 

Date of aspiration. 

' ' ■" 

Quantity of 
air tested. 

Number o'f 
spores of 
Endothia 
parasitica 
to 10 liters 
of air. 

Results with 
exposure 
plates. 


Inches. 


Liters. 



Aug. 27. . . . . ..... 

0. 175 

Atig. 27 

12 

4.,, 2 

■ + 

29-30 ....... 

I. 10 

30 ......... . 




.'Sept. 7-8",. 


Sept. 7~8. ........ 

12 

0 

4- 

, ',12-13-'. . . . 

. OOK 


68 

0 


17-18'.. : 

' . 26 

18 

52 

, I. 92 

+ 

18-19. 

.68 

19- 

96, 

0 

+ 

X9-2O. . : 

. 09 i 

20 

76 

O" 

+ 

20-21 . . . ... 

•43 ' 

21 . ......... 

40 

1.25 

+ 

21 . . . . 

. 10 ' 

21 

28 

.89 

+ 

. 3 1-22... . 

'• 73 ' ' 

22 

. ^ 5 ^ ‘ 

0 

+ 


■ ThC' chief explanation of the small number of : spores of Endoihia para- 
siUca. to the liter is to be found in the small amount of' air drawn through 
each tube. "'. While this averaged sSlitersior those tubes yielding positive 
results, only a, few liters were drawn through the tube in the several hours' 
■during' which' copious expulsion" of ' ascospores took place. " The' figures 
given' in. the" tables., are therefore smaller than; the 'actual number of 
.spores "per titer ' during the - period of ' copious, expulsion. ■ In, view of 
.'these- factSj'.Tables .XIV and XV' -.do not represent "the ' true' 'number .'of' 
■'.ascospores present .'in the air during the time of . their , actual prevalence,.' 
since, the ', period of - aspiration ’included' many hours when' 'they were ,'iiot,', 
prevalent, as'.shown by, the "exposure.-plate tests. ' 

', , "'The' rate of development,,' of 'the colonies of the; chestnut-blight 'fungus 
showed that they all originated' from ascospores and none from pvcno- 
spores (5). 

;.''''','^'''''Th'e'':spores';obtai'ned;|mm:SUgar:''t^ 

^.'"Mve :,:':h^h'',''StraT',;:.;spbl^'', 'Sihiil^ those ;'o,blamed'''='''&";', several,, n-xpostire''' 
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The aspirator tests do not appear to have given as reliable results as 
the exposure-plate method, since it may be noted from Table XV that 
negative results were obtained on certain days when the exposure plates 
showed that ascospores, were prevalent. The importance, however, of 
the aspirator tests lies in the fact that ascospores were obtained under 
perfectly natural conditions in the field at a distance of 13 feet from the 
nearest lesion and that they were obtamed at times when ascospore 
expulsion was taking place. 

WATE^R SPORE-TRAP TESTS 

The use of water spore traps for testing the transport of spores of the 
chestnut-blight fungus by the wind was the outcome of our attempts to 
use the method of Burrill and Barrett (3) in their study of the wind 
dissemination of Diplodia zeae. First, substituting a funnel for the glass 
plates employed by the writers just cited, an attempt was made to find 
some mixture which could be applied to the inner surface of the funnel 
and which would fulfill the necessary requirements, as follows : 

1. The mixture must contain no substances toxic to spores of the 
chestnut-blight fungus. 

2. It must spread readily and adhere to a glass surface. 

3. It must be sticky, so as to retain the spores which lodge upon the 
surface, which is coated with it. 

4. It must retain its sticky character at least 24 hours under field con- 
ditions, 

5. It must be readily soluble in water. 

Glycerin of various percentages was tried alone, as well as in combina- 
tion with various quantities of gum arabic or gelatin, but in all cases the 
mixtures either dried too soon or did not spread well on a glass surface. 

The fact that pycnospores do not germinate in water (4) suggested the 
substitution of dishes of sterile water for the funnels. The first idea was 
that analyses of the water from these dishes exposed in the field under 
natural conditions could be made at intervals of some days and would 
reyeal the presence of pycnospores if they had been carried by the wind. 
Experience in the field, however, proved that the method was also well 
adapted to the study of ascospore dissemination. ' 

DESCRIPTION OP THE WATER SPORE TRAPS 

A water Spore trap consisted of a crystallking dish 5 cm. deep and 10 to 
12' cm. in diameter, into which sterile water was introduced. " The dishes 
■were wrapped' in paper and sterilized in the laboratory 'for transport, to' 
the field. Each dish was supported about 2 feet above the ground by a 
tripod of , three small stakes, driven into The ground.,'; 'Ten-penny nails 
were driven . into ' the, ends of the stakes,, whose ends were converged to. 
make,. a, support; for the dish;; The.- nails were, held in, proper :position 
by^ a 'heavy, cord, 'attached to „them' and '■■encircling ■, the dish,' 'By' this 
means, they were sO' firmly secured'that they' were, never in danger of' 
being blown out. by ,the wind' (PI., EXIV., ' fig.' ,3) . ' ■'.' ■ After'' placing a' dish in ' 
its proper field location, lod to i 5 o;G','C.'"of'sterile''Water."'were„iiitr,oduced'. 
Water for ^this purpose was kept.ih stock in' small'.;'Erlenme'yer 'flasks.,'' ■. 

. ,_':■ The,' ■'dis,hes.^''0 were ■,, exposed . in,' the, :,'field';in;. various ,' selected .' loea- ': 

'ti'Ons ' and .analyses made; 'at ' certain intervals' (fig'. 3;;: also PI. .'EXV,;:.'figS';.. 
,'i';and.':2'').'.,': ' 



520 


Journal of Agricultural Research 


Vol III. No. 6 


METHOD OF MAKING A FFST 

At the end of an exposure period the contents of each dish were emptied 
into sterile flasks provided for the purpose and transported to the labo- 
ratory at the University of Pennsylvania, where the work of making an 
analysis . was completed. They were then replaced with other sterile 
dishes and sterile water introduced as before. 

For each water spore trap 15 to 20 plate cultures were employed, and 
these were made by introducing o.i to 0.5 c. c. of the water by means of 
a graduated 1 c. c. pipette into each Petri dish. In this way only 4 to 
5 c. c. of the total water returned to the laboratory were used in each 



test, but special pains were taken to secure a uniform suspension before 
the removal of the quantities used. Chestnut-bark agar was used for 
all of these analyses (see p. 496 for formula) since experience had proved^ 
that it was a poor medium for the growth of bacteria, which were always 
present in some quantity. In fact, the medium is so unfavorable for the 
development of ordinary bacteria that in most cases the colonies remained 
as minute specks during the period the plates were under observation 
and, .with 'proper, dilution, offered^ ,no'' hindrance, to' the ,;development,"''of 
colonies of Endothia parasitica and other fungi. All cultures were incu- 
bated as nearly as possible at 25° C., and the colonies of fungi suspected 
of being the chestnut-blight fungus were marked at the end of three days. 
The count was completed on the fifth day, and any uncertain colonies 
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were transferred to 3 per cent dextrose agar for further study. In gen» 
eralj it may be said that transfers were not necessary, for the- colonies of 
£. parasitica are very characteristic on chestnut-bark agar at the end of 
•five days, if they have had sufficient room in which to develop. It was 
only ill the case of plates badly crowded with other fungi that such trans- 
fers were necessary.- . 

results and discussion on tests 

The water spore traps were exposed in or near the same plot of badly 
diseased chestnut trees ^at West Chester, Pa., which was employed for 
the exposure plates previously reported. Six different stations were 
selected for the location of water spore traps at distances varying from 
15 to 389 feet from the nearest blight lesions, although Station V was 
404 feet from the nearest probable source of spores. More detailed in- 
formation in regard to these stations is given in Table XVI. 


TabIvE XVI. — Relation of water spore-trap stations to diseased chestnut trees in IplJ at 

West Chester^ Pa. 


Trap station 
No. 

Distance and direction from station 
to nearest lesions. 

Position of station witJa reference to diseased cliest- 
nut trees. 

I....... 

25 feet west and east. ....... 

Surrounded by 1 5- to i8-year-old coppice. 

n....... 

15 feet southwest; 19 feet 
north. 

Do. 

in 

50 feet north; 50 feet west. . 

In cornfield 50 feet from coppice. 

IV 

383 feet northwest 

398 feet north 

Across cornfield from coppice. 

Across open field from a single tall tree. 

v....... 

237 feet northwest . 

26s feet south , ... ..... 

317 feet northeast . ......... 

404 feet east 

Across pasture from a single tall tree. 

Do. 

Across cornfield from a single tall tree. 
Across cornfield from coppice. 

VI....:.. 

389 feet south 

Across hayfield from older forest. 


Table 'XSfll.— Summary of the tests with water spore traps in iprj, at West Chester, Pa, 


Test 

No. 

Trap sta- 
tion No. 

Culture Nos. 

Period of exposure. 

Date of 
cultures. 

Total number 
of fungous 
spores. 

Number of 
spores of 
Endothia 
parasitica. 

I 

I 

4227-4234 

Aug. 30 to Sept 4. , 

Sept. 5. . 

11,215 

0 

2 

II 

42 ^ 4242 

.... .do. 

. . . do. ... 



3 

III 

4243-4250 

Aug. 31 to Sept 4. . 

. . .do. . . , . 

23,239 

0 

0 

. 4' 

■ III 

4821-4835 

Sept 4 to Sept 8. .. 

Sept 10, . 

1,236 

'■ , ' 0 

5" 

■ I 

4906-4920 

Sept 4 to Sept 13. . 

Sept 16.. 

^j 375(?) 

,' 0 

6 

, I 

4951-4960 

Sept. 13 to Sept 18. 

. . .do. . . . . 

10,666 

" ^f 749 

7 

■II 

4067—4076 

.... .do 

. . .do. - . - 



- S 

in 

4983— 4992 

.... do. . . ........ . 

. . .do. . . . . 

7,886 

■ 37 5^7 

"■ ^ ■' ' 9 

I 

5303-5312 

Oct 13 to Oct 20. .. 

Oct. 21. .. 

' ' ' ,0 

10 

VI 

5313-5322 

Oct 20, a. m.-p, m. 

■. .'■.do. . . . 

I, 666 

3'b 

'■ 11 

TV: 

5345-5354 

Oct IQ to Oct 22 . . 

Oct. 23 . . 


' ' ' 0 

12 

V 



...do..... 


' 'fi 

'■ ' ''^3' i 

■ I 

5371-5380 

Oct. 22 to Oct. 27. , 

Oct 28. . . 

22,139 

" '' '■ 37^ 

14 

IV 

5381-539° 

5391-5400 

.... .do. . . . . . . , . . . . 

. .do'.' ... .• 

13,148 

/i. COT 

„ '3'^<^ 

, 15 

V 

. - w . .do. .......... 

. . . do 

16 

T ■■ VT 

5401-5410 


.'do. 

'113, '203 ■■ 

' 433^,^ 


J 

,54X1-5420: 

Oct 27 to Nov, 10, . 

Nov.,xx;.' . 

Numerous.',' 

z /'O,' 


: ;'v 

'■ 54»3:-5430 

.'..■. '.'do.:. .T 

'..'.'■'.'do. 

Num.erotis^ , 

,■','■'■0 


VI 

.. ■. 543'3:”‘544o:' 

. . . . .do. 

. .do.,'.. 

Numerous.','; 

, : ' ■' 0 
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The map (%, 3) shows the location of the coppice growth and other 
chestnut trees than those used in the test, with , the position of the 
exposure stations. The character of the diseased coppice growth is 
shown in Plate 'hXY, fig. i, which shows a view taken from Station V. 
The older forest, which was the source of the ascospores for the traps 
exposed' at Station VI, is shown in Plate LXV, fig. 2. The period from 
•August 30 to November ii, 1913, was covered by the tests presented in 
Table XVII. 

The time and amount of rainfall, and in some cases the wind direction, 
are necessary in interpreting the results. Table XVIII gives the rainfall 
for the time covered by the vrater spore-trap tests. 


TablU XVIII . — Rainfall record for period covered by the water spore-trap tests. in 
igiS at West Chester, Pa. 


Bate of rain. 

Rainfall. 

Bate of rain. 

Rainfall. 

Bate of rain. 

Rainfall. 

Aug. 29 and 30 
Sept 7 and 8 
12 and 13 

17 and 18 

18 and 19 

19 and 20 
2oand2i 

Inches. 

I. 10 

•37 
.095 
. 26 
.68 
.09 
•43 

Sept 21 and 22 

^ 30 

2 

3 

II. 

V 9 

Inches. 

0. 83 
. 02 

1. 12 

, 12 
. 06 

• 73 
.86 

Oct. 20 

24 

25 

26 

Nov, 8 and 9. . 

Inches. 

0. 08 

1 1-44 

1, 00 


Tests Nos. 1,2, and 3 were started in the field after the rain of August 
29 and 30, late in the day, and the traps were taken to the laboratory 
for analysis before the next rain. Judging from the results obtained 
from Gur exposure plates, no ascospores should have been present, and 
our failure to get any colonies of the chestnut-blight fungus in the test 
cultures suggests that during that period there was no wind dissemina- 
tion of either pycnospores or ascospores. There was a small amount of 
rain during the period that traps 4 and 5 were exposed, but the analyses 
were not made until two and three days later. Considering the. fact that 
ascospores. germinate at once in water, the failure to get any colonies of 
the Endothia parasitica in these tests is not surprising and again points 
to the absence of pycnospores. Traps 6, 7, and 8 were removed from 
the field a few hours after the heavy rain of September 18 and 19, and 
the analyses gave a large number of colonies of the chestnut-blight 
fungus. It appears probable that the spores were caught during the 
few hours following the rain, since the cultures indicated the origin of 
the colonies from ascopores only (5). It should be noted from Tables 
'XVII and"' XVIII that traps '9- to. 12- were . removed irom the field just 
following periods of rain, The wind was blowing from the infected trees 
' toward trap only, and this was the onlymne in; the. series which yielded' 
.'.'the '.blight fungus... ■' Traps 13 "to .'rb were, removed frotn' lhe field' .'shortly 
'. after ...the.' rainy 'period., of October 24. to- 2,6, "and., all yielded positive results, 
trap;',i6,:lo'cated''3,89 feet from; the nearest chestnut tree, giving 431. "spores.' 
',..;,Tbe,. 'length 'of.> time' .after '..the 'rain- .when::the',;tests ':'were made' .and' the 
direction of the wind are the possible explanation for the negative re- 
sults for traps 17 to 19. Unfortunately no traps were exposed during 
the rainy periods of October i to 3 and October ii. 

It is probable that the figures recorded for tests Nos. 6 to 8 and 13 to 16 
represent the number of spores blown into the traps during the few hours 
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following the rain. This appears to be substantiated by . negative re- 
sults obtained during dry periods and by positive results obtained with 
exposure plates and slide traps just following a period of rain. The 
results are briefly summarized in Table XIX. ■ It is interesting' to note 
the number of viable ascospores of the chestnut-blight fungus that must 
have fallen on each square inch of water surface for the time represented. 
This information is presented in Table XX. 


TabIvK 'XIX.,— Summary of positive results obtained from water spore traps in igis at 

Chester i Pa, 


Station, 

Number of 
tests 

represented. 

Distance of 
station from 
nearest lesion. 

Total number of 
spores of Endothia 
parasitica cataglit, 
as determined by 
cultures. 

I 

2 

Feet. 

25 

IS 

50 

383 

237 

389 

2, 136 

3,507 

2,113 

380 

■ '820 

n. 

I 

III..... ........... 

I 

IV ...... 

I 

V 

I’ 

VI.:..;.:........ 

2 

461 




TabbB XX,— Number of ascospores of Endothia parasitica f ailing on each square inch of 
water surface at various distances in igis at West Chester, Pa. 


Test No. 

Surface 
area of 
water 
.trap.' 

Number of 
spores of En- 
dothia parasit- 
ica falling on 
each square 
inch of water 
surface. 

Distance 
to nearest 
lesion. 

Test No. i 

Surface 
area of 
water 
trap. 

Number of 
spores of En- 
dothia parasit- 
ica falling on 
each square 
inch of water 
surface. 

Distance' 
to nearest 
lesion. 


Sq. inches. 


Feet. 


Sg. makes. 


Feet. 

6 ....... 

\f 12.5 

139 

25 

14. . 

16. 5 

23" 

383 

7 ...... . 

' 12. 5 

280 

■ rs- 

15....... 

16. 5 


237 

8 ....... 

12. 5 

169 

I 50 

16 ...... . 

16.5 

26 

389 

13 ...... . 

16.5 

23 

i ■■ 25' 






The large number of spores of Endothia parasitica iaUhxg on each 
square inch of surface for a single rainy period certainly emphasizes the 
fact that healthy trees in the vicinity of badly diseased ones have innu- 
merable opportunities to become infected by wind-borne spores. 

It should be mentioned in this discussion of the results obtained by 
the water spore traps that there are some possibilities of error. It might 
be claimed that the spores found in the water traps were carried by 
birds or insects. This, however, appears exceedingly improbable. The 
cultures always indicated' ascospores: and tests have shown that birds 'are 
carriers of pycnospores only (8). The position of the traps was such as 
to.' reduce the insect visitors to a minimum. Insects tested as. carriers" 
of the chestnut-blight fungus yielded both pycnospores and ascospores, 
but the former were very much more abundant (17). Besides, it was 
rare" that .any insects were found in the exposure dishes,. " furthermore^ 
spores. ,were ' present ..:m the, traps only: at. periods ' follow,.ing 'rainS'' when" 
other tests had indicated their prevalence. 
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CONCLUSIONS 

(1) As a result of 756 exposure, plates made in or near t!ie badly 
diseased chestnut coppice at West Chester, Pa., it can be definitely 
stated that ascospores of Endothia parasitica (Mtirr.) And. are prevalent 
in the air and after expulsion are carried for varying distances from their 
source. 

(2) As shown by the same exposure plates, the period of prevalence 
of ascospores varies with the conditions following the cessation of rains; 
when there is a rapid drying of the bark, this period is short, but when 
drying is retarded, this period is correspondingly extended. The tests 
indicate a general prevalence of ascospores within the first 5 hours fol- 
lowing the cessation of rains, with less abundance during later hours. 
The longest period for our entire series was 14 hours. 

(3) During periods of dry weather ascospores, although not generally 
prevalent, may occasionally be detected by the exposure-plate method. 
These are apparently stray ascospores expelled during some previous 
period of rain and now loosened from lodgment on some near-by objects. 

(4) In and near badly diseased chestnut groves or forests the number 
of ascospores falling on each square foot of exposed surface following a 
period of rain, as indicated by exposure plates, is very large and is suffi- 
cient to offer abundant opportunity for new infections. 

(5) Ascospores are forcibly expelled in large numbers from the peri- 
thecia during and after each warm rain in case the amount is sufficient 
to soak up the pustules. Following a dry period a rain of 0.18 to 0.25 
inch has been observed to cause copious expulsion of ascospores, while 
rains of o.oi to o.io inch, if immediately preceded by a copious rainfall, 
have been sufficient to cause the resumption of spore expulsion. 

(6) As determined by the ascospore traps, the duration of expulsion 
depends on the rapidity with which the bark dries and only continues 
when the stromata are moist. Under natural conditions in the field 
the period of expulsion for eight rains varied from 45 minutes to 13 
hours and 14 minutes. 

(7) In some cases at least the maximum of ascospore expulsion occurs 
after the cessation of rain. 

(8) The fact that the period of ascospore expulsion as determined by 
the ascospore traps coincides in general with the period during which 
spores were obtained by exposure plates points to these forcibly expelled 
spores as the ones prevalent following periods of rain. This is definitely 
substantiated by the development of colonies in the exposure plates 
from 'ascospores: only.,, 

(9) It is possible to determine the presence of ascospores of the chest- 
nut-blight fungus in the air under natural conditions in the field by the 
standard aspirator method of bacteriological analysis. By this method 
positive results were obtained following four different rainy periods, but 
only when the period of aspiration included a period of copious ascospore 
expulsion.,'',': 

(10) v, By'"„the' use oT water spore- traps.-.stationed' -at,', varying distanc^^^^ 
from diseased trees it was possible to determine that ascospores are 
prevalent in the air and fall upon exposed surfaces in considerable 
numbers, the number diminishing with the distance from the source of 
supply. 
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(11) By liiakiiig possible long exposures the water spore traps offered 
some advantages over the exposure-plate and aspirator methods. The 
presence of spores of. the chestnut-blight fungus, however, was never 
shown by this method unless the period of exposure included a period 
of ascospore expulsion. . 

(12) The failure to obtain colonies of the Endothia parasitica from the 
water spore traps' exposed during dry periods, as well as the fact that 
only ascospore colonies were indicated in the aspirator and exposure- 
plate tests, points to the conclusion that pycnospores are not generally 
prevalent in the air at any time. If present they certainly would be 
detected by the prolonged exposure of water spore traps. 

(13) The time immediately following a rain, when the bark is still 
moist, would appear to be a favorable one for new infections, since the 
supply of moisture would offer opportunity for germination of spores. 
It is a noteworthy fact that it is only during this favorable period for 
germination that the dissemination of ascospores takes place. 

(14) All of these experiments point to air and wind transport of the 
ascospores of the chestnut-blight fungus as one of the very important 
methods of dissemination and substantiate the conclusions of Rankin 
(15, 16) and Anderson (1, 2). It can now be said with absolute certainty 
that following each warm rain of any amount ascospores are carried 
away from diseased trees in large numbers. Since they have been 
obtamed in large numbers at distances of 300 to 400 feet from the source 
of supply, the conclusion of the authors that they may be carried much 
greater distances is justified. During dry periods wind dissemination of 
ascospores does not occur at all or sinks to a very insignificant minimum. 
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PLATE LXni 

Fig. X.— Petri-dish culture 5044 from 12 minutes^ exposure of chestnut-bark agar, 
made on September 20, 1913, 2 hours and 8 minutes after the cessation of a rain, 
at station 51, located 27 feet from the: nearest iesion^ 

Fig. 2.— Petri-dish culture 5041 from 16 minutes' exposure of chestnut-bark agar, 
made on September 20, 1913, i hour and 55 minutes after the cessation of a rain, at 
station 49, located 414 feet from the source of the spores. Ten of the twelve colonies 
thost 0! Endoihia parasUica, 
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Plate LXIV 



. . PI.ATB ■I.XIV' ' 

Fig, i.-^Ascospore trap 51. 'This consists of a wooden bracket which supports an 
object slide over perithecial pustules. . 

Fig. 2.— Ascospore trap 52.' ' 

Fig, 3 . —Water spore trap located at Station V. The trap consists of a crystallizing 
dish containing sterile water and is supported on a tripod. 



PLATB LXY 


Mg. I,— View iooking towards the coppice growth from water spore-trap Station V* 
The trees in the backgrotmd at the right are at the end of the plot shown in text 
figure X. ' 

Mg. s.— View of a mixed chestnut and oak grove taken from water spore-trap Sta^ 
tion VI. This grove was the source of the spores of the blight fungus caught at Sta- 

tionVI.:''';.:. 
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litis captiaia i. , 3r3-3i4>3i:d?3d4 


Page. 

Cannabis saliva, fungous disease of Sr-84 

Cantaloupe. See Cucumis mclo. 

Capriola dactyUm, food plant of SlicUmphala 

festina 346 

Capsella bursa-pastor is, host plant of Aphis 

hakeri 433 

Carbohydrate, transformation of, in Ipomoea 

batatas during storage 336-339 

Carbonate, soil, decomposition of 79-80 


Carex — 

exsiccaia — , ; 

forage value of* 97 

viability of seed of, in range lands 106 

geyeri — 

forage value of 97 

viability of seed of, in range lands 106 

koodii — 

forage value of 97 

viability of seed of, in range lands — ... 106 

illoia — 

forage value of 97 

viability of seed of, in range lands 5[o6 


Carica papaya, host plant of Ceratitis capi- 

tala 3x6 

Caropkyllus jambos, host plant of Ceratiiis 

eapitata 314 

Carrero, J. O., and Gile, P. E* (paper), Assimi- 
lation of Colloidal Iron by Rice. 205-2x0 

Cary a illmoensis, ash analyses of leaves and 

twigs of 165-166, 169 

Castanea dentata, host plant of Agrilus hili* 

neaius 283, 284 

Cattle, net energy values of feeding stuffs 

for... — 435-492 

Celery, wild. See Ligusikum oreganum. 

Ceratatis eapitata — 

comparison with Bactrocera cucurbitae, . . 370-371 

control of 328 

effect of oil from rind of Citrus spp. on .... 317-319 

habits of.. 314-315 

host-fruit preference of 3x4 

host plants of 3ta-33E4 

injury to citrous fruits by 322-328 

. life history of 363-374 

. mortality among eggs of .315-3*9 

mortality among larvse of ,3iS“3f'7>3*9“3aa 

susceptibility of citrous fruits to the attack 

■ of..,....' ' 3**-33o 

Ckaeiochloa italica, water requirement'' of ,26-27, 
38-39, SI, S3, SS“S6'J S8» 6X-63 
Changes' in; Composition of. Peel and Pulp of',' ' " 
Ripening Bananas (paper)'. 187-203 , 
Chapman, R. N. (paper), Observations on ' 
the Eife History of Agrilus Bilineatus. w 2183-294 
ChamametionangustifoUuimr--' 
foragevalueof. 97 

. viability of seed'of,' in range lands,'. 106,' ' 

Charles, V. iC-, and Jenkins, A. E. (paper), 

A Pungous Disease of Hemp. 81-84 

Chenopodium apbum, water requirement of. . 47-48? 

Chestnut-blight fungus. See Endothia para- 
siiiecu 

Chestnut borer, two-Grred. Sec Agrilus 
bilmeaius. 
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Chrysophyllum cainito, food plant of Cfratitis 

capitata 314-315 

CMck-pea. See Cicer arieiinum. 

Cicer arieiimmi, water requirement of 28,30, 

$0-51,59 

Cinna latifolia, viability of seed of, in range 

lands. 106 

CiiruUtis vulgaris — 

host plant of Bactrocera cucurhiiae 269 

water requirement of 40-41 , S2-"S3> $9? 61 

Citrus spp.'— 

effect of oil from rind of, on eggs of Cerati- 

iis capitata 33C7'"3^9 

host plants of Ceraiitis capitata 33:i“330 

Climate— , ,• 

effect on development of Ceraiitis capitata. 324-328 

effect on oil content’ of seed 24$ 

infience on development of forage plants. 109-115 
Clover — 

bur. See Medicago denticulata. 
crimson. See Trifolium incarnaium. 
red. See Trifolium praiense. 
sweet. See Meliloius alba. 
yellow sweet. See Mdilotus officinalis. 

Clover aphid. See Aphis. 

“Cluster,’* cotton, agricultural defects of. ..... 398 

Cocklebur. See Xianihium commune. 

Collins, G. N. (paper), A More Accurate 
Method of Comparing First-Generation 
Maize Hybrids with Their Parents. ....... 85-91 

Colon bacilli, ability to suivive pasteuriza- 
tion 401-410 

Coloring Matter of Raw and Cooked Salted 

Meats (paper) 211-226 

Coneflower. See Rudheckia occidenialis. 

Cook, O. F. (paper), Brachysm, a Hereditary 
Deformity of Cotton and Other Plants. , 387-400 
Com- See Zeo wayi. 

■Cotton—' ■ , , ■ 

‘‘cluster,” agricultural defects of... ........ 398 

See also Gossypium. 

Cowpea. SeXiVigna sinensis. 

Crataegus spp., host plant of Aphis brevis. . 431-432 
Creain— - 

effect of temperature upon density of, . . . 254-262 
effect of temperature upon volume of , . 262, 265-26S 

expansion of 251-268 

Crucifer, water requirement of ........ . 41-42, 59, 61 

Cucumber. See Cucumis sativus. 

Cucumis — ; ' 
melo^ 

host plant of Bactrocera wourhitm . ...... 269 

water requirement of ....... . 40-41, 52-53, 59, 61 

. ' satimP— 

host plant of Bactrocera cucurbitae 269 

water requirement of , 40, 52-53, 59, 61 

Cucurbit, water requirement of. 40-41, 61 

Cucurhiia — ' ' ■ 

wmwwa, water requirement of. . 4o>52,59,6i 
pepo— 

host plant of Bactrocera cuembitae 269 

water requirement of 40, 52, 59,61 

Cmtiiingkamiella , sp. , growth in butter. . . , . . ,307 
Curtis, M*"R.Xpapfir),'.,"Relation of-Simultane- ■' ■■ 
ous' Ovulation to' the Produ,ction of ' 'D ouhle- ; 
yplked Eggs, ............. — 375^386 


Page. 

Curve, logaritlimic — 

fitting by the method of moments. 411-423 

moments of 41 2-41 7 

use of, in agricultural and biological inves- 
tigations 41X-412 

Cydonia japonicat host plant of Aphis brevis. . 431 

Dahlberg, R. C. (paper), Identitlcatioit of the 

Seeds of Species of Agropyrbn 275-282 

Dandelion, mountain. Scc Agoserisglauca. 
Decomposition of Soil Carbonates (paper). . . . 79-80 
Deschampsia — 

caespiiosa, viability of seed of, in range lands 106 
elongaia, viability of seed of, in range lands. 106 

spp. , forage value of . 97 

Dirhinus gi ffardii, parasite of Ceraiitis capitata . 363 
Disease, mosaic, of tobacco, effect of dilution 

upon the inefectivity of the virus of 295-299 

Durra. See Andropogon sorghum. 

Dwarfing, true, of plants, comparison with 
brachysm. 387 

Effect of Dilution upon the Tnfectivity of the 
Virus of the Mosaic Disease of Tobacco 

(paper).. 295-399 

Egg— 

double-yolked— 

origin of 376-582 

ovarian relation of the two follicles fur- 
nishing the yolks for. 380-382 

relation between rate of fecundity and 

type of doubling of 379-380 

relation of simultaneous ovulation to the 

production of 375-386 

relation of the nature of the doubling to 
the functional divisions, of the ovi- 
duct — 376-378 

types of 375"37d 

ovarian doubling of yolk of 382-384 

Elymus glaucus, viability of seed of, in range 

lands 106 

Emmer. See Triticum. 

Endothia Parasitica— 

detection of. ascospores of, by ascospore 

'traps 5x2-516 

detection of ascospores of, by aspirator 

tests 516-519 

detection of ascospores of, by exposure 

plates... '496-512 

detection of ascospores of. by water spore 

■■traps — ,519-523 

disseinination of ascospores of , . , . . , . . ... 493-526 
Energy- 
chemical— 

.. influence of quantity ; of feed^ ; consumed ',■ ' , 
on-losses'of,. ,445-447' ; 
'■ ^ loss-in feed.', ,■, ...... .,.■.■. 439-449" 

■ ' ■ , 'ex^penditure consequent, upon ■■feed"^;co»~ ■ ■„, , 

■ sumption. 4S3”482'' ' 

metabolizable—"': 

determination of, in feed. 450-453 

infeed..,*.,,..,..,........,,.,., 439~'4S3 

vambility infeed..... ■449-450,,',, ,, 
Environment, effect on oil content of seed. 239-241 
Efiobotrya japtmica, host plant of Ceraiitis 
■ capUaM... * ... ■, ,''',33:3;'' '■',' 

Errata........ rv 
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EfftkraeU'S sp., enemy of Siiciocephala festina . 359 

Euchlama mexicana,wattt requirement of.. 17-20, 

S37SS,6i 

Fagopymmfagopyrum, 'water requirement of. S9» 
Feces, loss of cliemical energy of feed in, . . . 440-449 
Fe^d — 

composition of dry matter of 437-43^^ 

computation of net energy %’'alue of 483-48S 

infitieiice of, on heat production in cattle. 456-458 
mfluence of individuality 011 losses of chemi- 
cal energy of 447-449 

influence of quantity consumed on losses of 

chemical energy of 445“'447 

loss of cliemical energy of 439-453 

metabolizable energy’’ of 439-453 

net energy values of, for cattle 435-492 

relation of, to heat production of cattle in 

various sxisitions 453-482 

Fertilizer — 

effect on oil content of seed 245-24? 

effect on pecan rosette 159-162, 16S 

F^stuca widula — 

forage value of 97-127 

viability of seed of 106-107 

Feterita. See Andrapogon sorgJmni. 

Fireweed. See Chamamermi angusiifolmm. 

Fitting Logarithmic Curves by the Method 

of Moments (paper) — ... 411-423 

Flax. See Linum usitatissivmm, 
Fly.Mediterraneanfruit. ISQ^Ceratitis capiiata. 

Fly, melon. See Bactrocera cucurbitae. 

Forage plant— ’ 

development tinder yearlong protection. . 121-125 
Ya,ctars'' influenemg establishmeiit of repro- ' 

duction on range lands 109-115 

' inanence of' physical conditions on devel- 
opment of . 109^-115, 142 

loss of, in' range lands 142 

production of, under deferred grazing 125-143 

reproduction of, under yearlong grazing. . 118-119 
Foubert, C. L., et a!, (paper), Oil Content of 
Seeds as Affected by the Nutrition of the 

, .Flant. 228-249 

Foxtail, 'White. Sitanion mkitifium. 

Fries, J. A., and Armsby, H, P. (paper). Net 
Energy Values of Feeding Stuffs for Cattle 435-492 
Fniit fly, Mediterranean. , >S'ee Ceraiitis capp 
tetia . ' 

Fungus, diestnut-blight. . , See Endotkia para- 


Fungous Biseaseo'f, Hemp,; A (paper). . ...... 81-S4 

Fmarium sp. , growth, in butter ■■ 307 


.Gdlems sihm$f it, psi>Taslteoi Ceraiitis. capitata. 363 

0ardner, M. W„. et air (paper), Air and Wind 
Dissemination of Ascospores. of the Chest- ' 
nutr'BEght: Fungus. .... .v , 493-526 ■ 

Oamer, W. W., ' Allard, H.- A,, and 'Foubert, 

C. L. (paper)', OitContent of. Seeds.as Af-' 
■,fect^ by the Nutrition of' the Plant... '327-249: 

viability' of seed of, ' 

..' ' in range lands. '... 106. 

Ode,. P. L., and;Carrero,J', G. (paper), 'Assimi-’ ' 

' latioa :of CoIMdU'l 'Iron by .Rice'. . ■ 


Page. 

Glycine — 
hispida- 

host plant of Sticiocephala festina 346 

oil content of seed of 230-241 

water requirement of 30-31? 34? 52? 59? 61 

soja, water requirement of . . 30”3r» 34> 52-53? S9> 
Gore, H. C. (paper), Changes in Cowipositlon 
of Peel and Pulp of IJtipeuing Bananas. . . 187-203 
Gossypmm spp.— 

hereditary deformi'ty of 387-400 

oil content of seed of 230-232, 239, 342, -246 

water requirement of 16-17, .50, 52-56? 59, 6x 

Grafting, effect on pecan rosette :c58-is9, 167 

Grain, water requirement of — 5, S-27, 37-39? ,50-62 
Grama grass. See Bouteloua gracilis. 

Grapefruit. See Citrus. 

Grass — 

Bermuda. See CaPriola dactykm. 
brome. See Bromus inermis. 
brome, short-awned. See Bromus mar- 
ginalus. 

buffalo. See Bulbilis dactyloides. 

bunch. See Agropyron; Festuca. 

elk. See Carex geyerL 

grama. See Bouteloua gracilis. 

hair. See Deschampsia- 

Johnson. See Sorghum kaiepense. , 

little needle. Sec Stipammor, 

mountain bunch. See Festuca viridula. 

mountain wheat. See A gropyron violaoemn. 

needle. See Stipa occidentalis. 

onion. SeeMelica, 

red bunch. See Agropyron flexuosum., 

reed. See Cmna lati folia. 

Sudan. See Andropogon sorghum aethi- 
6picus» 

tall meadow. See Panicularia nervata. 
tall swamp. See Carex exsiccata, 

water requirement of 43-46? 52-53,60-6® 

western porcupine. See Siipa occidentalis. 
wheat. See Agropyron. 

Grazing — 
deferred- 

advantages of, in range lands 143-X4S 

influence on reproduction of forage plants 

in range lands. .' x25-*i:4S 

selection of lands for 145 

relation of,' to, growth of forage plants... . . ' ixs-t46. 

relation of, to revegetation.' 11S-X46 

season-long. .See^ Grazing, yearlong, ' 
yearlong — 

.influence on reproduction of forage 

' plants.'.,........' 116-ias ^ 

on range lands.; ' , ir6 ' 

Grindelia sguarrosa, water requirement of . . 43 ? 50? 60 
Guava. See Psidium. 

Gumweed. See Grindelia squarrosa. 

Hasselbring, H., and Hawkins, L.' A. (paper)', ' 
Physiological Changes in Sweet Potatoes 
''.during'vStorage. .,'331-342 
, Hawkins,'!/. A.,',"andHass.e!b'ri.ng, H.'(paper'), ' ' ' 
Physiological Changes in Sweet Potatoes 

'during„Storage. . . ','',33r-^3-#, . 

Hawthorn.'.', See,. Crataegus.. '' '.'''' 
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Heald, P. D., Gardner, M. W., and Studhal- 
; te'f, R* A. (paper), Air and Wind Bissemi- 
nation of Ascospores of the Chestnut- 

Blight Fungus 493'”526 

Heart-Rot of Oaks and Poplars Caused by 

Pol^^porus Bryophilus (paper) 65-78 

Heat— 

.eHect of, on Bacillus coli 403“’4c8 

influence of various feeds on production of, 

in cattle , 453-482 

loss of, in cattle, consequent on feed con- 

, . sumption . . , — 453-482 

Hedgcock, George G., and' Bong, W. H. 
(paper), Heart-Rot of Oaks and Poplars 

Caused by Polyporus Bryophilus. 65-78 

Bdwfithusspp.— 

host plant of Siiciocepkala festina. 346 

water requirement of . 47-48, 52, 53, 60, 6a 

Hellebore, false. Veratrum viride. 
Hemochromogen, nitric-oxid, coloring matter 

of cooked salted meats . — 321-224 

Hemoglobin, nitric-oxiid, coloring matter of 

raw salted meat . .... — 212-221 

Hemp. See Cannabis saiiva., 

Mieracium cynoglbssoides-— 

forage value of 97 

viability of seed of, in range lands ..... — ro6 

Hoagland, Ralph (paper), Coloring Matter of 
Raw and Cooked Salted Meats. . .... . . . . . 211-226 

Hardeumspp^— 

host plants oiSiictocephalafesima 346 

water requirement of 13-14? so-sr? 55/ 59/ 61 

Horse bean. See Viciafaba, 

Horsemint. See Agasiaclie urticifolia. 

Humidity, effect on mold growth in but- 
ter 304-306,308-309 

Identification of the 'SeMs of Species 

pyron(paper). 27^282 

I Pomoea batatas-” 

carbohydrate transformations in, during 

storage, ♦-.-336-339 

physiological changes in, during storage. . 331-343 
Iron, colloidal, assimilation of, by rice 205-210 

JacobVladder. Se^e Polemoniutn humik. 

Jenkins, A. R., and Charles, V. K. (paper). 
Fungous Bisease of Hemp, . , . .. . . 8X-84 
Johnson, W. T., jr., and Ayers, S. H. (paper). 
Ability of Colon Bacilli to Survive Pasteuri- 
zation. ' — ... , . .■ 401-41C 

jtmeoides glabratum — 

' forage value: of ■ '97 

viability of seed of, in range lands . ro6 

'jimeus spp., forage value of. "■ ' .97; 

Kafir. See Andmpogon sorghum, 

Kamani— , , 

h^. Se!e Caloph.yllum inophvllum. 
winged. Se^TerminaUacatappa, 

Kaoliang. . Se^ AndroPogon sorghum, 

Koderta cristata, viability of seed of, in range 
glands — ............ ; ' 106' 

Bamb’s-quarters. Se&ChmoPidium album, ■ 
iMhyrus odorains, host plant of ApMs brepis ,’ . 432 

Begumes, 'water:reqtikea!.ent .of,,.':'* . .■ 27-39? 55-56? 6i:' 


Page* 

Bife History of the Mediterranean Fi"uit Bdy 
. from the Stand, point of Parasite Introduc- 
tion (paper) 363-374 

Bife History of the Melon Fly (paper) 269-274 

Ligiisticum viabilit'y of seed of, in 

range lands 106 

Linum usitaiissimum, water reciiiirement of. 15-16, 

52-53 /S9> 61 

Bogarithraic emwes, use of 417-42X 

Bong, W. H., and. Hedgcock, G. G. (paper), 
Pleart-Rot of Oaks and Poplars Caused by 

Polyporus Bryophilus- ■ 65-78 

Boquat. See Briobotryajapo^ica. 

Bya>Persicon esculcntum^ food plant of Stihuy 
cephata festina 345 

Macintire, W. H. (paper), Decomposition of 

Soil Carbonates 79-80 

Maize, comparison of first-generation hybrids 

with parents 85-91 

Mafw spp., host plant of 433 

Mangifera indica, host plant of Ceraiitis capi- 

tata 3X3''3X4/364 

Mango. See Mangifera indica. 

Marigold, fetid. See Boebera Papposa, 

Meat, salted, coloring matter of. 211-329 

Medicago”” 

dentimlaia, host plant of Stklaaepkala 

festina ,346 

saikor— 

host plmxtoiStictocepkalafestina ...... 344-346, 

'■ 350/3.57^359 

injury to, by Slictocephala festina . ..... 357-359 

spp., water requirement of . 37-39, 

' 50/5®/ 5S"56» 60-62 

Mediterranean fruit fly. SeeCeratitis capitata, ' : 
Melica — 
beila — ... 

forage value of 97 

viability of seed of, in range lands ....... 106 

spp., forage value of 97 

Melilohis — 

alba, water requirement of , * . . . 27-30? 50, 55, 59? 6r 
oMcinalis, food plant of Stidoaephala fes- 

\ fmn,,.. ;■ 346' 

Melon — ■ ■ ■ 

mn^.\Se&CumMis'm&lo.^'.', 
'W 3 LteT.,..Se^Citrutlusvulgaris. 

Melon fly. Set:Backocera;cucurbitae., 

Membracis festina* syn. Stict&cepkala festina. 
■"■.M-esquite. See Prosopisjulifhra. ‘ 

Metabolism, in cattle, influence of position 


on.. 453-483 

Methane— " , ■ , , 

loss of chmiical ranergy of feed in 440-449 

quantity in various feeds 450 

Mexican bean. See Phaseolus vulgaris. 

Milk— 

, • and cream, expanrion of,'„. . . . .. , , 35'i-2d8. 

effect o{t&m.petatutekpon'd€mkyok.\,.', as4iyi62-. 
effect of temperature upon volume of . 262? 265-268 

MUlet. S&e Chmtpchloaitalica 36-37 

Milo. See Andropogon sorghum. 

Moisture, soil, relation to loss of forage plants 
in range lands 143 
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Mold— 

black, growth in butter ■ 3O3 j 30 Sj 3 o 7 

green, growth in butter 303 j3oS7 307*“3<^S 

red, growth in butter 303 j307”3o8 

relation of httmidity to growth in butter. 304“3o6. 

308-309 

smudged, growth, in butter 30^i"*303> 305 

Moldiness'in' Butter (paper) 101-310 

Moments, fitting logarithmic curves by 

method of 41 1-423 

More Accurate Method of Comparing Birst-> 
Generation Maize Hybrids with /Their . 

Parents, A (paper) 8S"9r 

Mosaic disease. See pisease, mosaic. 

Mncor sp., growth in butter. 303 >305^307 

f&du'ifisops eldTigi, host plant of CeT&titis Cdp- 

itata 364 

Musa sapienium — 

changes in composition of 187-203 

changes in composition of, in ripening . . . 187-203 

composition of * 190-198 

respiration of * • ^99 

Muskmelon. See Cucumis melo. 

Nanism, comparison with brachysm 387 

Natural Revegetation of Range Bands Based 
upon Growth Requirements and Bife His- 
tory of the Vegetation (paper) 93-14S 

Net Energy Values of Feeding Stuffs for 

Cattle (paper) — 43S-492 

Nitrogenous Soil Constituent, A: I'etracar- 
foonlmid (paper). i7S~i78 

Oak. ^ See Ouercus. 

Oak borer, Agnlus bilineaius. 

Osds. Avma sativa. 

Observations on the Bif e History of Agrillits 

Bilineatus (paper) 283-294 

OUium lactts^ growth in butter. , . . 303^305/307-308 
Oil Content of Seeds as Affected by the Nutri- 
tion of the Riant (paper) 227-249 

Orange. See Citrus. 

Organic Phosphoric Acid of Rice (paper). . 425-430 
Orton, W, A., and Rand, F. V. (paper), Recan 

Rosette 149-174. 

Oryro satina — - 

- , , growth of, with dialyzed iron. . 206-209 
growth' of, .with 'ferri.c chlorid 206-209 
organicphosphoric.acidof..:. 423-430 
^ " .water requirement of 15, 30, 52-36, 59, 61 
' Ovulaticm, .simultaneous, ■ .relation of, . to .the 
production of double-yolked eggs . . . . , , . . 375-386 
Onion— '.. ' • 

'motmtain.'.' '. . 

" wild. SeC', Allium. 

'Opim humilis, parasite of Ceratitis. capiiaia . . ..■ ■ 363 


Pamct^arianmiaUi-" 

forage value of. . : 97 

vwbiHty of seed of, in range lands 106 


Pmicum ^ mUiaemm ', water requirement' of , . 26-37* 
36 - 37 / 39 / 51? 58/ 61-62 

Rapaya. gee Carfea Papaya. 

Pasteurization, ability of colon bacilli to sur- 
.vive;.. v.'..'.. 

Patch, E. M. (paper), Two Clover Aphids. . 431-433 


Rea— Page. 

Canada field. See Piswm sativum. 
sweet. See Lathyms odoratus. 

Peach. Amygdalus persica. 

Peanut. See Arachis hypogaaa. 

Pearl, R., on use of logarithmic curves in 
biological and agricultural investigations. 41 1-412 
Pecan. See Carya ilUmmsis. 

Pecan Rosette (paper) 149-174 

Pemberton, C. E., and Back, E. A.— 

Bife History of the Mediterranean .Fruit 
Fly from the Standpoint of Parasite In- 
troduction (paper) 363-374 

Bife History of the Melon Fly (paper) . . , 269-274 
Susceptibility of Citrous I^^niits to the At- 
tack of the Mediterranean Fruit Fly 

(paper) 3XX-330 

Penidllium spp., growth in butter. . 303, 305, 307-308 
Pentstemon procerus — 

forage value of 97 

viability of seed of, in range lands. 106 

Phaseolus vulgaris, water requirement of ... , 30, 

34-35/ 52-53/ 59/ 6X' 

PJdeum aipinum, viability of seed of, in tange 

lands 106 

Physiological Changes in Sweet Potatoes 

during Storage (paper) 331-342 

Pigweed. See Amaranlhus reiro/kxus. 

Pismn sativum, water requirement of 30, 

34-35/. 52““.53/ 59/ 6X 

Plants— 

effect of nutrition on oil content of seeds. , 
effect of varietal differences on oil content of 


seeds.... . 237-239 

relative water requirement of . x-64 
Poa sandbergii-^ 

forage value of 97 

viability of seed of, in range lauds 106 

Polemonium kumile^ 

forage value of. 97 

viability of seed of, in rangelands. 106 

Polygonum phytotaccaefoUum — 

forage value of 97 

viability of seed , of, in range land.s 
Potypofus dryophilus^ 

distribution of 7sar75 

'■ causal organism of heart^rot of oaks and 

poplars. * ■ 

description of sporophores of . " 70^72 

Poplar. See Populus. 

Populus-^ 

SPP-, heart-rot of ■ 65-78 

iremuloides, host plant of Polyporus dry-, 
ophilus. ...... ......... .... . . . 66, 68-71, 73*75 

Pdrtulaca okracea, water requirement, of .... . 47» ' 

■ ' 49/53/60,62, 

'Potato — ’ . ', 

Irish. See Solanum tul)irosu?n. ' 
sweet. See I pomoea batatas. 


Pfosopis glandtdosa, food plant of Sticiocephedd 


festina ! 346 

Proso. See Panimm miliaceum. 

Pruning, effect of, on pecan rosette 15®/ *68 

Pru^s spp., host plant of Aphis hrmts 43* 

Psidmvi spp., host plant of CetaiUis mpitata, 324, 3% 
Pumpkin. See CucurUta pepo. 

Purslane. Sec PorUdaca oUracea. 
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C 2 wera*jr spp.~“ Page,. 

beart-mtof ' 65-78 

host plants of Agrilus bilineaius 283-284 


Quince, Japan. See Cydonia japonica. 

Ragweed, westem, See Ambrosia arlemisi* 
fdia. 

Rand, P. V., 'and' Orton, W. A. ■ (paper), 


Pecan Rosette 149-174 

Range land— ■ ■ 

character and distribution of vegetation. . . 95-100 

dissemination of seed crop of. 108-109 

factors influencing establishment of repro- 
duction of forage plants of ........ . — 109-115 

flower-stalk production in 102-104 

life history of forage plants of — — 101-115 

management of, during revegetation 146 

period of seed maturity of 104-105 

revegetation of 93-14S 

selection of, for deferred grazing — 145 

systems of grazing on. 115-146 

viability of seed crop on 105-108 

Rape. See Brassica, 

Redtop, alpine. Agrostis rossae . 


Relation of Simultaneous Ovulation to the 
Production of Double-Yolk^d Rggs(papcr). 375-386 


Relative Water Requirement of Plants 
(paper).....,**,.. ........... .............. 1-64 

Revegetation of range lands 93-148 

Rkizopus nigricans, growth in butter 306-307 

Rice- 

assimilation of colloidal iron by. 205-210 

organic phosphoric acid of 425-430 

See also Oryza saliva. 

Root borer, apple 179-1S6 

Rose-apple. See Carophyllus jambos. 

Rosette, pecan- • 

comparison widuither diseases 169-171 

control of ' .TT. . . ITTrrt r;::- • 

distribution of. 

effect of budding on 158-159; 167 

effect of fertilizer on. , 159-162, 168 

effect of grafting on. 158-159, 167 

effect of pruning on 152, 168 

effect of spraying with Bordeatttc mixture 

on.. ' — 162- 

effect of transplanting on — .... 152-155, 167-168 

effect on' germination of nuts,,;. . ...... . . 155-156 

inoculation experiments with, . . . ■ 156-157,, 166-167 ' 
isolation of- microorganisms of ....... . 156-157, 167' ' 

.nature of . , '171-172" 

orchard observations of 163-165, 16S 

parasitism of 166-167 

symptoms of 150-151 

virulence of... . . ' i5o-i’5i 
-Rot— " 

heart, of oaks and poplars caused by Poly^ 

poriis dryophilus 65-78 

piped— 

control of 76 

in Populus spp 65-78 

in Populus ircmuloides, characters of . . , : , 68-70 
-'..in' Qu$rms ^p^... . m.:, '65-78^: 

in Qmrcus spp,, characters of . 66-6$ 

Rudbeckia occidentalis-^ 

'forage :.'yalne ' of ...v A- 

liability of seed of, in range lands . . i , , . . 106 


Rush. See / mm-cmjp spp, . ; Rage. 

Rush, wood. See Juncoides glabratum. 

Rye. See Secale cereale. 

Rye, smooth wild. See Elynus glaums. 


Sage, mountain. See Artemisia frigtda, 

Salix nuUallii, forage plant of. 97 

Salsola pestifer, water requirement of ....... . 60, 62 


Salt, effect of, on mold growth in butter. . 304-309 
Sampson, A. W. (paper), Natural Revegeta- 
tion of Range 1,-ands Based upon Growth 
Requirements and Xrif e History of the V ege- 

tation. * 93"r48 

Saperda Candida, host plants of .............. . 180 

Secale cereale, water requirement of ......... . 14, 

SO“5i; 55^59? 61 

Seed- 

effect of climate on oil content of ........ . . 245 

effect of environment on oil content of . . . 239^241 
effect of fertilizer on oil content of, .... . 245-247 

effect of length of growing period on oil 

content of 236-237 

eff!ect of nutrition of plant on oil content 

of 227“249 - 

effect of partial defoliation on oil content 

of 232-234 

effect of partial removal of seed pods on oil 

content of 234"‘2!3 S 

effect of size on oil content of 235 

effect of soil on oil content of — 241-245 

oil content of, at successive stages of devel- 
opment 230-232 

varietal differences in oil content of. .... . a37'239 

Senecio triangularis, forage value of 97 

Shantz, H. R., and Briggs, R. J. (paper), 
Relative Water Requirement of Plants . . . . 1-64 
Shaw, R. H., and Thom, C. (paper), Moldi- 

ncss in Butter. 301-310 ^ 

Shepherd’s-purse, See Capsella bursa-pas- 

' Shoi-ey,' " 

A Nitrogenous Soil Constituent: Tetracar- 


bonimid. 175-X78 

Sitanion veluiinum, viability of seed of, in 

range lands. 

Skunkweed. See Pokmoniumhumilc. 

Soil carbonate-^ 

decomposition of 79-80 

effect on oil content of seed 241-245 


Solanum iuberosum, water T&qnktmetit of. 41-42 

'.c, ■ ^ 'r'' 

Sorghum. vSee Andropogm sorghum. 

Sorghum halepmse, food plant of Stictocepkala 


fesiina. ; , 346 

Soy bean. See Glycine hispida. 

Soy bean, wild. See Glycine soja. 

Spraying, effect on pecan rosette 162 

Squash, Hubbard. See Cucurbiia maxima. 
Star-apple. See Ckrysophyllum cainito. 
Stidocephala festina — 

control of — 361 

description of 346-348 

distribution 344~34S 

, effect of altitude on distribution of 345 
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Stipa—" 

minot — ’ Page. 

forage value of. 97 

viability of seed of, in raage laadb io6 

mtdmidis-' 

forage value of 97 

viability of seed of, in range lands io6 

Stndhalter, R. A-, et at (papei), Air and 
Wind Dissemmalion of Ascospores of the 

Chestnut'BIight Fungus. A 92 rs^f> 

Studies in tlw Expansion of Milk and Cream 
(paper) .25 i-j?68 


Sudan grass. Soc A ndropogm sorghum oeihP j 

opiem. ! 

sedge, S^eCarexspp, 

Sugar beet. See B4a milgans. 

Sundower. See Hehanthus spp. 

Susceptibility of Citrous Fruits to the Attack 
of the Moditermnean Fruit Fly (paper). . 3ir~33o 

Fansy* wild. See A chtUsu ianulosa. 

Teosinte, See EucMama moxicana. 

Termindiu caiappOt liost plant of Ceraiitis 

copit4toi 

Tetracarbonimid, a nitrogenous soil constit- 
uent J7S*r7fi 

Totfodickm gijffardii probable parasite of 

C^raiiiis capiiaia. 363 

Fhistle, Russian. Sec Sdsola pesiif^r. 

Fhom, C., and Shaw, R. H. (paper), Motdi- 

iness in Butter *. 301-310 

Fhpmpson^ A. R, (paper), Organic Phos- 
phoric Acid of F-ice — 4aS'^43o 

Fhree-Coinered Alfalfa Hopper (paper). . . . 343-362 
Fimothy, alpine* See Pkleum dpimtm. 

Fpbacco, flSect of dilution upon the iafectiv- 
^ *' ity d yirus of the mosaic disease of ... . 

t!'oipography* relation of, to loss of forige plants 

in"- range lands 142 

Fjansplanting, effect of, on pecan rosette. , 152-155, 

3 07-166 

Ttichod^rrm sp,, growth in butt et 307“'3o8 

Frichogrammidae* parasites of hdima-^ 

.% * * ....... 292 

fdhUmr^ 

water reqiurement of 30, 

i ;''4 ihO^t plant of Aphk ^lahri 433 

' '' host plant of ^ikiociphdp foUtm, ,**...* 346 

plMit of A 431 
. fomge value of 97 

d f ^rti&er on water r eanhement oi .5# so^sr 
‘ . Of sof.«stied inoiosutte on water re- 

of 3 

, host plant of Sikiocephd(xfmM.m . .......... 346 

■' f ';'^er re<it#ement of 8-10, 50-so^ 5^, 60-62 

‘1 Ftl^^|eWW6(. See 

SeeBiasafca. 

' Fwo Clover Aphids (paper) . . 431-433 

TJrihe, loss cd chemical energy d I wd in ... . 440-449 


Rage. 

Use of logarithmic curves in biological and 
agriailtural investigations. , * 4 ix-4m 

Wallowa National Forest, topography and 

soil. 94'-95 

Wallers, li H., andShorey, 1$. C. (paper), A 
Nitrogenous Soil Constituent: Fetracarbon- 


i75-i>S 

Watermelon. See Ctindius mlgurts^ 

Water requirement— 

definition of 3 

of plants, relative 

Weed, water reatiirement of 46-49 


Weed, woolly. See Hiemcmm i.ynoglom$dm. 
Wheat, fiee Triticum. 

Wheat-grass. See Agropyrou. 

Wildcmiuth, V. U. (paper), Tlirw-Comcred 

Alfalfa Hopper 343-362 

Willow, Nut tall. See Sdix muUdlii. 

Wind dissemination of ascospores of Bndoihm 
parasitica ; 493-5a6 


V dvr iana Mkhmsis, forage value of ......... . 97 

Vetairum %nrid&^ 

forage value of 97 

viability of seed of, in range lands ro6 

Vetch. See Vida. 

Vich spp., water requirement of, 30-33:, 

Vigna smenszs-^ 

IvfytpimidSiukmphdafcama* . USM^$Sh3iB 

injury to, by Siirtouphak ft dma 339 

watei requirement of 3o-.i£,3,*i^S4-S3,S9id)i 

XmUhmm water 

. ^2^ 60, 6a 

Xdophiwuka agrdk parasite of dtrffWi’wWa- 
/jcd/n 184 

V.j miw. See A cUUm Ianulosa, 


Zva mayS) water requirement of . tT-ao, 
SO;55ySS^s6^sll»6l 

Zone- 

Aretic-AIpine, dmtaeter of vegetMlon of. , 97-98 

Canadian- 

character of vegdlat ion of 06 

dhnttte of .98-m 

inojptiott of growiit of forage plants In. . 
Hudsonian^ 

chameter of reiOtatitra of. 96-97 

climate of gH-roo 

dovdopment of forage plants wader yeai- 

Icaig protection k m a4 

howeT-stalk production k . xo^req 

inception of growth of fomge plant# k. 10mm 
Transitiori— 

character of vegektioinof . ^ ^ ^ » - • » • ^ 

dimate of 

development of forage plants under yean* 

long protection k ........... * 3:a4*r?ty 

kception of growtli of forage plmits in. * xor»*iroi 







